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(e.g., emplacing the waste into engineered disposal cells such as walled trenches 

or caissons) or through a stable waste form (e.g., solidifying dispersible high

activity waste streams such as ion exchange resins or filter media, incinerating

and solidifying compressible trash). These alternatives serve to maintain the 

integrity of the disposal cell covers and thus reduce the percolation of water 

through the disposal cell covers and subsequent contact with the waste. In 

the case of solidification, an additional improvement is gained in that the 

potential for radionuclides leaching from the solidified waste is assumed to 

be reduced. 


Another viable alternative would be to place the high activity waste into a 

high integrity container (HIC). In this case, the container would be constructed 

in a much more robust manner than the containers generally used to transport 

wastes to disposal facilities. The HIC would be designed to resist crushing

from static loads and corrosion from the contained wastes as well as the 

surrounding soils. The HIC cou!!? therefore provide the needed support to the 

disposal cell covers to minimize subsidence and to reduce infiltration. In 

addition, since the wastes would be contained inside the HIC, leaching of radio-

nuclides from the HIC would be negligible as long as the HIC retained its integrity.

(Note that corrosion through or damage of a portion of an HIC, which could 

compromise its ability to withstand leaching, would not be expected to generally

reduce its ability io provide structural support for the disposal cell covers.)

Another advantage to use of an HIC is that, compared with solidification, it 

may be easier to assure quality control over the final waste product. 


To date, HICs have not been generally used to package wastes for disposal,
although within the last few years there has been considerable interest in this 
concept--chiefly, as an alternative to solidification of ion exchange resins 
and filter media. Use of HICs is allowed by the South Carolina Department of 
Health and Environmental Control at the Barnwell, S.C. disposal facility.
Performance criteria for HICs for the Barnwell facility have been drafted by
South Carolina and these are listed in Table 5.20. 

One HIC design which has been approved by the South Carolina Department of Health 
and Environmental Control is currently being marketed. The HIC is constructed 
principally of polyethylene and is currently available in designs ranging from 
2.4 m3 (84 ft3) to 9 m3 (316 ft3). Special designs are advertised as being
available upon request. 

Other groups, including the Department of Energy, are also investigating HIC 

designs. Use of high integrity containers is planned for some waste streams 

generated from the decontamination of Three Mile Island Unit Two. 


As a corollary to potential use o f  high integrity containers, there is a l s o  
some interest is using polyethylene or other types of plastic 55-gallon drums 
for packaging lower activity wastes such as trash. Polyethylene drums are 
available, for example, which have been certified by DOT for use in transporting
certain types of nonradioactive hazardous wastes such as oxidizers or corrosive 
solids. These are apparently available at approximately the same (or possibly
reduced) price as standard steel 55-gallon drums. Compared to steel 55-gallon 
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Table 5.20 S t a t e  of South C a r o l i n a  C r i t e r i a  f o r  High I n t e g r i t y  Containers 

The general c r i t e r i a  f o r  h i g h  i n t e g r i t y  con ta ine rs  t o  be used f o r  h i g h  concen­
t r a t i o n  waste forms i s  as fo l l ows :  

1. 


2. 


3.  

4. 


5. 


6 .  

The con ta ine r  must be capable o f  ma in ta in ing  i t s  contents  u n t i l  t h e  
rad ionuc l i des  have decayed, approximately 300 years,  s ince two o f  t he  
major isotopes o f  concern i n  t h i s  respect  are stront ium-90 and cesium-137 
w i t h  h a l f - l i v e s  of  28 and 30 years,  r e s p e c t i v e l y .  

The s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  t he  con ta ine r  w i t h  i t s  contents must be 
adequate t o  w i ths tand  a l l  t h e  pressure and stresses i t  w i l l  encounter 
d u r i n g  a l l  handl ing,  l i f t i n g ,  loading,  o f f l o a d i n g ,  b a c k f i l l i n g ,  and 
b u r i  a1 . 

The con ta ine r  must n o t  be suscep t ib le  t o  chemical, ga l van ic  o r  o the r  
r e a c t i o n s  from i t s  contents o r  from t h e  b u r i a l  environment. 

The con ta ine r  must n o t  d e t e r i o r a t e  when subjected t o  t h e  e leva ted  
temperatures o f  t h e  waste streams themselves, from process ing m a t e r i a l s  
i n s i d e  t h e  con ta ine r ,  o r  d u r i n g  storage, t r a n s p o r t a t i o n  and b u r i a l .  

The contai,ner must n o t  be degraded o r  i t s  c h a r a c t e r i s t i c s  d imin ished by 
r a d i a t i o n  emi t ted  from i t s  contents ,  t h e  b u r i a l  t rench  o r  t h e  sun d u r i n g  
storage. 

A l l  l i d s ,  caps, f i t t i n g s  and c losures must be o f  equ iva len t  m a t e r i a l s  and 
c o n s t r u c t i o n  t o  meet a l l  o f  t h e  above requirements and must be completely 
sealed t o  p reven t  any l o s s  o f  t he  con ta ine r  contents.  

Source: Chem-Nuclear Systems, I n c .  , "High I n t e g r i t y  Container Systems ,I' 
November 17,  1980 (Ref. 7). 

drums, which i s  t h e  most common type of waste con ta ine r  used i n  t h e  nuc lear  
i n d u s t r y ,  a po lyethy lene o r  o the r  t y p e  o f  p l a s t i c  drum would be expected t o  
degrade much slower a f t e r  d isposal ,  p rov ided  t h a t  t h e  drum i s  designed t o  be 
compat ib le w i t h  t h e  waste form and the  d isposal  environment. The r a d i o n u c l i d e  
containment c a p a b i l i t y  would t h e r e f o r e  be expected t o  be g r e a t e r  than a t y p i c a l  
s t e e l  55-gal lon drum. More i m p o r t a n t l y ,  reduced con ta ine r  degradat ion would 
r e s u l t  i n  reduced compression o f  d isposal  c e l l  Contents, thus reducing subsidence 
and i n f i l t r a t i o n  o f  water. 

The f o l l o w i n g  3 cases examine use o f  h i g h  i n t e g r i t y  con ta ine rs  from 2 viewpoints:  
(1) r e d u c t i o n  o f  m i g r a t i o n  of t r i t i u m ,  and (2) as an a l t e r n a t i v e  t o  s o l i d i f ­
i c a t i o n  as a means o f  p r o v i d i n g  waste s t a b i l i t y .  F o r  t he  former case, r e c a l l  
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t h a t  s o l i d i f y i n g  LWR process waste streams served t o  reduce exposures a t  t h e  
p o p u l a t i o n  w e l l  and sur face water access l o c a t i o n ,  b u t  had less  o f  an e f f e c t  
a t  t h e  i n t r u d e r  w e l l  and t h e  boundary w e l l  (e .g. ,  see t h e  r e s u l t s  f o r  Cases 7D 
and �3). These exposures were p r i m a r i l y  due t o  m i g r a t i o n  o f  t r i t i u m .  As discussed 
p r e v i o u s l y ,  t w o  small  volume i n d u s t r i a l  (nonfuel  cyc le )  waste streams c o n t a i n  
la rge .  q u a n t i t i e s  o f  t r i t i u m  and y e t  were subjected t o  no improvements i n  waste 
form i n  waste spec t ra  2 and 3. 

The 3 cases considered a re  t h e  fo l l ow ing :  

o 	 Case 10A. I n  t h i s  case, t he  design o f  t h e  d isposal  f a c i l i t y  i s  assumed 
t o  be t h e  same as Cases 4C and 7D. Compressible wastes a r e  segregated, 
t h e  wastes a re  b a c k f i l l e d  w i t h  sand, and a t h i c k  cover o f  c layey s o i l  
i s  ernplaced which i s  compacted us ing  improved compaction methods. 
Waste spectrum 2 i s  assumed. High i n t e g r i t y  conta iners assumed t o  
be e f f e c t i v e  f o r  100 years are a p p l i e d  t o  2 i n d u s t r i a l  waste streams 
which c o n t a i n  l a r g e  q u a n t i t i e s  o f  t r i t i u m :  N-TRITIUM and N-TARGETS. 
The  combined 20-year volume o f  these streams i s  on l y  1332 m3, b u t  
t h e  t o t a l  t r i t i u m  content  i s  2.27 m i l l i o n  c u r i e s .  

o 	 Case 105. This case i s  s i m i l a r  t o  Case 10A, except t h a t  waste 
spectrum 2 i s  assumed. Otherwise, t h e  d isposal  f a c i l i t y  i s  assumed 
t o  be t h e  same design as Case 7D, and the  100-year HICs are a p p l i e d  
t o  the  same t w o  l o w  volume waste streams: N-TRITIUM and N-TARGETS. 

o 	 Case 1 O C .  Th is  case i n v e s t i g a t e s  the  p o s s i b l e  use o f  HICs f o r  packaging 
o f  a number o f  waste streams. I n  t h i s  case, t he  same f a c i l i t y  d isposal  
design as the  above two cases i s  assumed. Waste Spectrum 1 i s  a l s o  
assumed. However, MICs assumed t o  be e f f e c t i v e  for 300 years are 
used f o r  a l l  LWR process waste streams except s o l i d i f i e d  l i q u i d s ,  as 
w e l l  as t h e  2 streams discussed above c o n t a i n i n g  h i g h  q u a n t i t i e s  o f  
t r i t i u m .  I n  a d d i t i o n ,  o the r  h i g h  a c t i v i t y  waste streams which were 
packaged i n  a s t a b l e  manner f o r  waste spectrum 2 are a l s o  s t a b i l i z e d  
f o r  t h i s  case. These inc lude  t h e  f o l l o w i n g  streams: P-NCTRASH, 
5-NCTRASH, L-NFRCOMP, N-ISOPROD, and N-HIGHACT. 

Ground-Water Impacts 

Est imated ground-water impacts from these t w o  cases are presented i n  Table 5.21. 
These r e s u l t s  may be compared w i t h  Cases 46 and 7D. 

As can be seen by comparing Table 5.9 w i t h  Table 5.21, use o f  t h e  H I C  t o  package 
the  two small  volume t r i t i u m  streams r e s u l t s  f o r  Case 10A i n  a r e d u c t i o n  i n  
boundary w e l l  impacts by a f a c t o r  o f  about 4.5 t o  a l l  organs except bone and 
t h y r o i d .  I n  t h e  c a l c u l a t i o n s ,  exposures t o  n e i t h e r  the bone nor  t h e  t h y r o i d  
a re  l i m i t e d  by the  m i g r a t i o n  o f  t r i t i u m .  Hence, use o f  HICs has l i t t l e  e f f e c t  
on boundary w e l l  exposures t o  bone and e s s e n t i a l l y  no e f f e c t  on exposures t o  
t h y r o i d .  Since t r i t i u m  i s  a s h o r t  h a l f - l i v e d  isotope,  use o f  t h e  HICs on t h e  
two streams i n  quest ion a l s o  has l i t t l e  e f f e c t  on t h e  exposures a t  t he  popula­
t i o n  w e l l  and the  sur face water. 
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Table 5.21 Estimated Radiological Impacts from Ground-Water Migration 
f o r  High In t eg r i ty  Container Cases 10A-1OC 

Cases Body Bone Liver Thyroid Kidney Lung GI 

( I O N
I n t ruder 2.487E-2 4.517E-2 1.410E-2 1.238E+1 2.235E-2 9.074E-3 1.751E-2 

We1 1 (6,000) (6,000) (6,000) (4,000) (6,000) (6,000) (6,000)
Boundary 2.485E-2 4.503E-2 1.407E-2 1.238E+1 2.232E-2 9.045E-3 1.749E-2 

We11 (6,000) (6,000) (6,000) (4,000) (6,000) (6,000) (6,000)
Popul a t ion  7.096E-3 1.045E-2 3.690E-3 3.911E+O 6.287E-3 2.103E-3 4.739E-3 

We1 1 (10,000) (10,000) (10,000) (6,000) (10,000) (10,000) (10,000)
Surface 3.147E-4 4.347E-4 1.594E-4 1.783E-1 2.773E-4 8.713E-5 2.060E-4 

Water (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) 

(1081 
I ntr uder 7.371E-3 3.352E-2 6.917E-3 5.277E-1 7.268E-3 6.706E-3 7.070E- 3 

We1 1 (6,000) (6,000) (6,000) (6,000) (6,000) (6,000) (6,000)
Boundary 7.346E-3 3.339E-2 6.892E-3 5.277E-1 7.243E-3 6.680E-3 7.044E-3 

We1 1 (6,000) (6,000) (6,000) (6,000) (6,000) (6,QOO) (6,000)
Population 1.661E-3 7.249E-3 1.517E-3 1.661E-1 1.627E-3 1.450E-3 1.564E-3 

We1 1 (10,000) (10,000) (10,000) (6,000) (10,000) (10,000) (10,000) 
Surface 6.848E-4 2.943E-4 6.194E-5 7.563E-3 6.695E-5 5.8a9~-5 6.402E-5 

Water (10,000) (10,000) (10,000) (l0,OOO) (l0,OOO) (10,000) (10,000) 

(10C)
Intruder 1.352E-2 3.755E-2 9.431E-3 4.702E+O 1.256E-2 7.524E-3 1.072E-2 


We1 1 (6,000) (6 9 000) (6,000) (6,0001 (6,000) (6,000) (6,000)

Bou n dary 1.347E-2 3.730E-2 9.382E-3 4.702E+O 1.251E-2 7.475E-3 1.068~-


We1 1 (6,000) (6,0001 (6,000) (6,000) (6,000) (6,000) (6,000)
Popul a t i  on 3.568E-3 8.341E-3 2.275E-3 1.4a5~+0 3.260E-3 1.673E-3 2.672E-3 

We1 1 (10,000) (10,000) (10,000) (6,000) (10,000) (10,000) (10,000) 
Surface 1.548E-4 3.417E-4 9.585E-5 6.769E-2 1.406E-4 6.843E-5 1.135E-4 

Water (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) 

Impacts f o r  Case 106 may be compared w i t h  those f o r  Case 7D i n  Table 5.15. 
Compared w i t h  Case 7D, boundary well exposures t o  organs other than bone and 
thyroid are a l s o  reduced by a f a c t o r  of about 15. I n  Case 70, several high 
a c t i v i t y  waste streams a r e  s t a b i l i z e d  by s o l i d i f i c a t i o n  o r  improved packaging. 
Migration from these high a c t i v i t y  streams (relative t o  Case 4C) i s  reduced, 
leaving the  t r i t i u m .  Use of 100-year HICs on t h e  two high tritium content 
streams t h u s  produces somewhat more dramatic results. 

2 



5- 59 


The r e d u c t i o n  i n  impacts due t o  t r i t i u m  m i g r a t i o n  c a l c u l a t e d  i n  Cases 10A and 
10B i s  i n t e r e s t i n g ,  b u t  should be viewed w i t h  caut ion.  There has been l i t t l e  
o r  no t e s t i n g  o f  t r i t i u m  containment us ing h i g h  i n t e g r i t y  conta iners.  I n  
a d d i t i o n ,  t h e  use fu l l ness  o f  t h e  H I C  t o  c o n t a i n  t r i t i u m  would be a s t rong  
f u n c t i o n  o f  t h e  form o f  t h e  t r i t i u m .  A h i g h  i n t e g r i t y  con ta ine r  would be 
i n e f f e c t u a l ,  f o r  example, i n  c o n t a i n i n g  t r i t i u m  as a gas. S t i l l ,  use o f  h i g h  
i n t e g r i t y  con ta ine rs  o r  o the r  types o f  h i g h  i n t e g r i t y  packaging i s  an i n t e r e s t i n g  
concept f o r  f u r t h e r  work. 

Impacts shown f o r  Case 1OC f a l l  between those c a l c u l a t e d  f o r  Case 10A and 108. 
Compared t o  Case 10A, impacts f o r  most organs a re  reduced by about a f a c t o r  o f  
somewhat l e s s  than 2. However, compared t o  Case 10B, impacts f o r  most organs 
except t h y r o i d  a re  r a i s e d  by about a f a c t o r  o f  2. Thyro id  exposures compared 
w i t h  Case 10B are  r a i s e d  by about a f a c t o r  o f  about 9. 

Other Impacts 

Other impacts f o r  t h e  t h r e e  cases a re  shown i n  Table 5.22. As shown, shor t - term 
p o p u l a t i o n  exposures and shor t - term occupat ional  exposures a re  n o t  expected t o  
vary s i g n i f i c a n t l y  from those r e s p e c t i v e l y  f o r  Case 4C (Table 5.9) and Case 7D 
(Table 5.15). The same types o f  a c t i v i t i e s  would be r e q u i r e d  t o  handle, process, 
t r a n s p o r t ,  and dispose o f  t h e  waste; one i s  merely s u b s t i t u t i n g  one con ta ine r  
design f o r  another. S i m i l a r l y ,  as t h e r e  would be no increase i n  waste volume 
from us ing  HICs, t r a n s p o r t a t i o n  costs  would n o t  change from t h e  prev ious cases. 

Waste process ing cos ts  would increase somewhat. Since use o f  HICs i s  a r e l a t i v e l y  
new concept and have on ly  r e c e n t l y  been commercial ly a v a i l a b l e ,  t h e r e  i s  less 
d a t a  t o  compare cos ts  w i t h  o the r  waste s t a b i l i z a t i o n  techniques. However, us ing  
s o l i d i f i c a t i o n  o f  LWR ion-exchange r e s i n s  and f i l t e r  media as an example, an 
H I C  would be more expensive than merely dewater ing t h e  r e s i n s  and f i l t e r  media 
b u t  l e s s  expensive than  s o l i d i f i c a t i o n .  No new equipment would need t o  be 
i n s t a l l e d  a t  t h e  waste genera to r ' s  f a c i l i t y .  

Costs f o r  use of an H I C  would depend upon a number o f  v a r i a b l e s  such as t h e  
s i z e  o f  t h e  con ta ine r  o r  t h e  chemical content  o f  t h e  waste. I n  a d d i t i o n ,  use 
o f  an H I C  may be s o l d  as p a r t  o f  o the r  serv ices such as waste pick-up, t r a n s p o r t ,  
and d isposal .  One est imate i s  t h a t  an H I C  would c o s t  approximately 75% t o  85% 
h ighe r  than a s i m i l a r l y  s i z e d  carbon s t e e l  l i n e r  (Ref. 8). This  f i g u r e  has 
been used t o  est imate cos ts  f o r  use o f  an H I C  as about $450 pe r  cubic  meter o f  
packaged waste. 

As shown, use o f  t h e  HICs i n  t h e  f i r s t  t w o  cases r e s u l t s  i n  o n l y  a small  increase 
i n  t h e  t o t a l  process ing costs  r e l a t i v e  t o  t h e  prev ious Cases 4C and 7D. Compared 
w i t h  Case 4C, h ighe r  cos ts  a re  c a l c u l a t e d  f o r  Case IQC s ince the  volume o f  waste 
p laced i n t o  HICs i s  s i g n i f i c a n t l y  increased. However, t o t a l  cos ts  are s i g n i f i ­
c a n t l y  reduced from t h e  processing cos ts  c a l c u l a t e d  i n  Case 7D f o r  waste 
s o l i d i f i c a t i o n .  P rev ious l y  c a l c u l a t e d  a d d i t i o n a l  s o l i d i f i c a t i o n  cos ts  f o r  LWR 
process wastes (waste spectrum 2) r a n  a t  about $257 m i l l i o n ,  w h i l e  t o t a l  cos ts  
f o r  use o f  an H I C  on 5 o f  t h e  7 process waste streams reduced cos ts  t o  about 
$31 m i l l i o n .  As i n  waste spectrum 2, s t a b i l i z i n g  t h e  o t h e r  h ighe r  a c t i v i t y  
waste streams i s  conserva t i ve l y  est imated t o  c o s t  an a d d i t i o n a l  $41 m i l l i o n  
over 20 years o f  waste d isposal .  
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Table 5.22 	 Other Impacts Associated with High Integrity
Container Cases 1 0 A - 1 O C  

Impacts Case 10A Case 106 Case 1OC 

Short-term population 

exposures: (man-mrem)

Processing at waste generator 0 0 0 
Processing at regional
processing center 0 0 0 

Waste transportation 5.10E+5 5.01E+5 5.10E+S 

Short-term occupational 

exposures: (man-mrem]

Processing at waste generator +1.68E+6 -
Processing at regional
processing center 0 1.25 E+5 0 

Waste transportation 5.82 E+6 5.43 E+6 5.82 E+6 
Waste disposal 2.46 E+6 2.34 E+6 2.46 E+6 

Waste generation and 

transport costs: ($9

Processing at waste generator +5.99E+5 
Processing at regional
processing center 


Waste transportation 


Disposal costs: ($) 
Design and operational:
Postoperational:

Total 
Unit ($/m3) 

Energy Use: (gal) 
Land use: (m2) 

Waste volume disposed: (m3)

Regular:

Chemical-stab1e 

Chemical-unstable 

No chemical-stable 
No chemical-unstable 

Total 
Layered: 
Chemical-stable 

Chemical-unstable 

No chemical-stable 

No chemical-unstable 


Total 

Hot waste facility:

Total disposed: 


Total volume not 

acceptable: (m3) 


0 3.63E+7 0 
2.05E+8 1.85E+8 2.05E+8 

2.10E+8 1.99E+8 2.08E+8 
1.81-3.82E+7 1.22-1.81E+7 1.22-1.81E+7 
2.28- 2.48E+8 2.11-2.17E+8 2.20-2.26E+8 
233-253 311- 320 224-231 

+4 ~ 00E+5 +7.80E+6 +l.00E+5 

3.40E+5 2.36E+5 3 40E+5 

4.00E+4 1.02E+4 
7.40E+4 1.15E+5 
3.30E+5 3.96E+5 
2.32E+5 4.57E+5 
6. ?6E+5 9.78E+5 

0 2.87E+3 1.87E+3 
1.87E+3 0 0 
0 0 0 
9.59E+4 2.87E+3 1.87E+3 
9.77E+4 
0 0 0 
9.80E+5 6.78E+5 9.80E+5 

1.94E+4 1.94E+4 1.94E+4 
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Little or no change to previously calculated disposal costs, total incremental 
energy use, or land use is estimated for Cases 10A and 108. 

In Case lOC, some minor changes to disposal costs compared with Case 4C are 

observed, due to the increased volume of stable waste streams delivered to the 

disposal facility. 


5.2.5 Intruder Impacts Associated With the Case Study 

This section addresses the following potential impacts from human intrusion 

into the disposal waste: 


o 	 Potential exposures to inadvertent intruders associated with the design
options in the case study. 

o 	 Potential offsite exposures to individuals and populations from water and 
air transport to the environs o f  wastes exposed by the intruder. 

These potential exposures are considered here for calculational convenience. 

In Chapter 4,the potential exposures associated with implementation o f  a 

performance objective for potential inadvertent intrusion were considered. In 

preceding sections of this chapter, costs and radiological impacts associated 

with minimizing long-term ground-water releases, while at the same time minimizing

long-term social commitment were considered. 


Table 5.23 presents potential intruder exposures, calculated at 100 years and 

500 years following facility closure, for each of the design cases considered 

in the previous sections. Potential exposures to whole body and bone are shown, 

and the results are the volume-weighted average of the potential hazard of all 

waste streams delivered to the disposal facility. Table 5-23 also presents

offsite exposures to bone and whole body from water and dispersion of waste 

streams exposed by a potential inadvertent intruder. Impacts are calculated 

at 100 years following termination of the facility license. Airborne releases 

are in man-millirem and are calculated for the total population within a 50-mile 

radius of the disposal facility. For this calculation, the expected population

is assumed to be double that assumed for the reference facility while it is 

operating. Waterborne releases are calculated for an individual, and are 

estimated based upon the assumed erosion of the wastes into a nearby stream, 

where the water is used by the individual for consumption, watering crops, etc. 


5.2.6 Summary of Observations and Conclusions Regarding the Case Study 


The preceeding subsection of Section 5.2 presented 20 cases, including the base 

(no-action) cases, which were used to analyze costs and impacts associated with 

alternative methods to minimize contact o f  water with disposed waste and to 

reduce potential long-term maintenance costs. These methods included disposal

facility design and operation alternatives, waste form and packaging alternatives, 

or combinations thereof. 
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The cos ts  and impacts o f  these 20 cases a re  summarized i n  Table 5.24. I n  t h i s  
t a b l e ,  maximum ground-water impacts over 10,000 years f o l l o w i n g  d isposal  f a c i l i t y  
c losu re  a re  presented as p o t e n t i a l  exposures t o  whole body and t h y r o i d  from 
consumption and use o f  water obta ined f rom w e l l s  assumed t o  be l o c a t e d  down 
g r a d i e n t  o f  t h e  disposed waste. One w e l l ,  which i s  assumed t o  be l o c a t e d  a t  
t h e  boundary o f  the d isposal  f a c i l i t y  and 30 m downgradient o f  t h e  edge o f  t h e  
disposed waste, i s  assumed t o  be used by i n d i v i d u a l s .  The o the r  w e l l ,  which 
i s  assumed t o  be l o c a t e d  500 meters down g r a d i e n t  o f  t h e  d isposal  f a c i l i t y  
boundary and hal fway between t h e  d isposal  f a c i l i t y  and a hyd ro log i c  boundary 
(a  stream), i s  assumed t o  supply t h e  water needs f o r  a small  populat ion.  

A l s o  shown i n  t h e  t a b l e  are t o t a l  increment shor t - term p o p u l a t i o n  impacts i n  
man-mrem, t o t a l  incremental  p o p u l a t i o n  impacts i n  man-mrem, and t o t a l  incremental  
costs .  Incremental  impacts and cos ts  a re  presented as a d d i t i o n a l  costs  and 
impacts t o  those associated w i t h  Case 1. Inc luded  i n  each incremental  t o t a l  
impact measure a r e  the f o l l o w i n g :  

T o t a l  Short-Term 
Populat ion Exposures 

Processing a t  waste 
generator 

Processing a t  
reg iona l  cen te r  

Waste t r a n s p o r t  

T o t a l  Short-Term 
Occupational Exposures 

Processing a t  waste 
generator 

Processing a t  
reg iona l  cen te r  

Waste t r a n s p o r t  

Waste d isposal  

T o t a l  Costs 

Processing a t  waste 
generator 

Processing a t  
reg iona l  cen te r  

Waste t r a n s p o r t  

Waste d isposal  : 
o des ign and op. 
o pos topera t i ona l  

Based upon t h e  analyses i n  t h e  preceding sec t i ons  and as summarized i n  Table 5.24, 
a number o f  observat ions and conclusions can be reached: 

1. 	 Disposal  f a c i  1i t y  s t a b i  1it y  is o f  g rea t  importance in reducing ground­
water m i g r a t i o n  and m in im iz ing  cos ts  f o r  long-term care. Disposal 
f a c i l i t y  s t a b i l i t y  i s  a l s o  b e l i e v e d  t o  be an impor tant  p r e r e q u i s i t e  
f o r  o t h e r  ope ra t i ona l  improvements such as improved d isposal  c e l l  
covers t o  minimize p e r c o l a t i o n  o f  water and t o  reduce ground-water 
impacts t o  l e v e l s  as low as reasonably achievable.  I n  t h e  EIS, t h e  
p r i n c i p a l  improved d isposal  c e l l  cover examined was a t h i c k  compacted 
c l a y  cap. There may be a number o f  o the r  techniques such as polymer 
membranes o r  s o i l  cement which may a l s o  be used. However, as l o n g  
as the  s t a b i l i t y  o f  t h e  d isposal  c e l l  cannot be reasonably assured, 
then t h e  slumping and c o l l a p s e  associated w i t h  an unstable d isposal  
c e l l  w i l l  reduce ( i f  n o t  completely negate) t h e  e f f e c t i v e n e s s  o f  an 
improved cover. 
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From t h e  ana lys i s ,  i t  appears t h a t  t h e r e  are a number o f  ways i n  which 
g r e a t e r  d isposal  f a c i l i t y  can be achieved, ranging from d isposal  f a c i l ­
i t y  design and opera t i ng  p r a c t i c e s ,  t o  waste form and packaging 
p r a c t i c e s ,  t o  combinations the reo f .  The major ways i n v e s t i g a t e d  
a re  summarized b e l  ow. 

2. 	 One general way by which d isposal  f a c i l i t y  s t a b i l i t y  can be achieved 
i s  t o  improve t h e  form o f  t h e  waste through waste process ing and 
packaging techniques. For example, waste spectrum 1 i s  assumed f o r  
Cases 1through 6 and i n  t h i s  waste spectrum, 75% o f  t h e  waste i s  i n  
an unstable,  degradable form. Waste spectrum 2 i s  assumed f o r  Cases 7A 
through 7D, f o r  which 45% o f  t h e  waste i s  i n  an unstable form. F i n a l l y ,  
waste spectrum 3 i s  assumed f o r  Cases 8 and 9, f o r  which o n l y  4% of  
t h e  waste i s  i n  an unstable form. I n  each waste spectrum, a d d i t i o n a l  
s t a b i  1ity is achieved a t  a d d i t i o n a l  process i  ng and a d d i t i o n a l  expense--
p a r t i c u l a r l y  f o r  waste spectrum 3. The f o l l o w i n g  i s  an i l l u s t r a t i v e  
summary o f  tRe a d d i t i o n a l  ( f rom waste spectrum 1) process ing and 
t r a n s p o r t  cos ts  and impacts associated w i t h  waste spect ra 2 and 3. 
The numbers i n  t h e  parentheses i l l u s t r a t e  a d d i t i o n a l  cos ts  and impacts 
i f  no r e g i  onal processing were performed. 

Impact measures 

Populat ion exposures
(xW man-mrem) 

Occupation exposures 
(x106 man-mrem) 

cos ts  
(x108 $1 

Spectra 

2 3 

-0.09 78.9 
(-0.09) (78.5) 

1.42 0.79 
(1.29) (0.76) 
3.13 11.8 

(2.77) (10.85) 

O f  i n t e r e s t  i s  the comparison o f  popu la t i on  exposures and cos ts  f o r  
waste spect ra 2 and 3. I n  waste spectrum 2, t he  reduced p o p u l a t i o n  
exposures compared w i t h  waste spectrum 1are due t o  t h e  reduced volume 
o f  waste t ranspor ted.  I n  waste spectrum 3, however, t h e  g r e a t l y  
increased p o p u l a t i o n  exposures i s  due t o  t h e  extens ive i n c i n e r a t i o n  
o f  combust ib le waste. Most o f  t h e  ( s i g n i f i c a n t )  c o s t  d i f f e r e n t i a l  
between waste spectrum 2 and waste spectrum 3 i s  a l s o  due t o  waste 
i n c i n e r a t i o n .  Much o f  t h i s  a d d i t i o n a l  c o s t  would be borne by small  
sca le  e n t e r p r i s e s  such as h o s p i t a l s  and research l a b o r a t o r i e s .  

Another impor tan t  cons ide ra t i on  i s  t h e  t i m i n g  f o r  implementation o f  
t h e  waste spectra.  F o r  example, except f o r  t he  assumed processing 
by compaction a t  a reg iona l  process ing center ,  waste spectrum 2 
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represents i n  many respects the current trends of the waste generating 
industry. Many, i f  not most, of the larger  waste generators have 
i n s t a l l e d  compactors and a r e  compacting compressible waste streams 
as  a means of reducing disposal costs .  License conditions implemented 
by s t a t e  act ion a t  a l l  three operating disposal f a c i l i t i e s  will  short ly  
require t h a t  res ins ,  f i l t e r  media, and other types o f  h i g h  a c t i v i t y  
wet wastes be e i t h e r  s o l i d i f i e d  o r  packaged i n  high i n t e g r i t y  containers.  
Therefore, the degree of waste s t a b i l i t y  i l l u s t r a t e d  by waste spectrum 2 
( a l l  higher a c t i v i t y  wastes a re  placed in to  a s t a b l e  form) can be 
quickly achieved. 

In c o n t r a s t ,  the degree of s t a b i l i t y  achieved t h r o u g h  waste spectrum 3 
(96% o f  the waste volume i s  processed o r  packaged into a s tab le  waste 
form) could not be implemented i n  a short  time frame. Incinerators 
would have t o  be constructed and l icensed,  which would take several 
years.  This o p t i o n  would a l so  r e s u l t  i n  s ign i f icant ly  larger  short-
term population exposures than waste spectrum 2. As shown, the grea t  
majority (99+%) o f  these additional exposures would r e s u l t  from 
processing the waste a t  the waste generator 's  f a c i l i t i e s  ra ther  than 
a t  the regional processing center .  The option i s  a l so  expensive.
For example, processing the waste a t  the regional processing center 
i s  estimated t o  cos t  about $927 per m3 of waste delivered t o  the 
center ($26. 25/ft3). T h i s  represents a s ign i f icant  level of 
expense f o r  the smaller waste generators such as hospi ta ls ,  c l i n i c s ,  
and research laborator ies .  

3. 	 In waste spectra  2 and 3,  s t a b i l i t y  f o r  most waste streams was achieved 
t h r o u g h  s o l i d i f i c a t i o n  o f  the waste. As a source term f o r  the ground­
water analyses,  the leaching of unsol idif ied waste forms was f i r s t  
estimated through use of radionuclide concentrations of leachate samples 
acquired from the Maxey Fla t s  disposal f a c i l i t y .  I t  i s  believed t h a t  
the use o f  t h i s  leachate i s  reasonable y e t  conservative. Then, f rac­
t ional  mult ipl iers  f o r  s o l i d i f i e d  waste were estimated based upon 
l imited leaching data obtained from s tudies  by Brookhaven National 
Laboratory ( B N L ) .  I t  i s  recognized t h a t  the estimated fract ional  
mult ipl iers  a re  only crude approximates, b u t  were included in  the 
analysis  t o  assess the l i k e l y  upper bound o f  what could be achieved 
through reducing the potent ia l  f o r  leaching of radioactive waste 
forms. 

Three cases examined f o r  which the potent ia l  f o r  improved overall 
leaching c h a r a c t e r i s t i c s  may be compared include Cases 4C (waste 
spectrum l), 70 (waste spectrum 2 ) ,  and 8 (waste spectrum 3). These 
three cases a l l  assumed the same disposal f a c i l i t y  design and operating
pract ices  b u t  assumed d i f f e r e n t  waste spectra.  The calculated r e s u l t s  
f o r  each of these three cases a re  as follows: 
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Boundary We11 
o Whole body 
o Thy ro id  

Populat ion We1 1 
o Whole body 
o Thy ro id  

Case 4C Case 7D Case 8 

Spectrum 1 Spectrum 2 Spectrum 3 

.1 .I .1 
12.4 0.5 0.2 

. O i l ?  .002 .0003 
3.9 0.2 .07 

The c a l c u l a t e d  impacts i n d i c a t e  t h a t  improved lower l each ing  waste 
forms do reduce ground-water m ig ra t i on .  However, i t  i s  d i f f i c u l t  t o  
determine t h e  a c t u a l  degree o f  c r e d i t  t h a t  should be g i ven  t o  improved 
leach ing  c h a r a c t e r i s t i c s  o f  waste forms i n  determin ing ground-water 
impacts. For example, most o f  t h e  work on l each ing  of  s o l i d i f i e d  
waste has been performed on small  samples under l a b o r a t o r y  cond i t i ons .  
L i t t l e  o r  no l a b o r a t o r y  da ta  i s  a v a i l a b l e  f o r  many o f  t h e  rad ionuc l i des  
which appear t o  be o f  most concern from a ground-water m i g r a t i o n  stand­
p o i n t  (e.g., H-3, Tc-99, 1-129). Given t h e  c u r r e n t  s t a t e  o f  knowledge, 
i t  appears t h a t  t h e  p r i n c i p a l  c r e d i t  t h a t  can be assumed from waste 
s o l i d i f i c a t i o n  i s  t h a t  i t  tends t o  p lace  the  waste i n t o  a more s t a b l e  
form. ( S o l i d i f i e d  forms having lower r e l a t i v e  l each ing  c h a r a c t e r i s t i c s  
a l s o  appear t o  have b e t t e r  s t r u c t u r a l  s t rengths. )  

4. 	 The analyses i n  Cases 1 0 A - I O C  i n d i c a t e  t h a t  a h igh  i n t e g r i t y  con ta ine r  
can be a use fu l  a l t e r n a t i v e  t o  s o l i d i f i c a t i o n .  It has p o t e n t i a l  f o r  
successful  containment of waste and p r e c l u s i o n  of m i g r a t i o n  u n t i l  
t h e  shorter- ’ l ived rad ionuc l i des  have decayed. O f  bo th  sho r te r - and 
longer- term i n t e r e s t ,  i t  appears t o  o f f e r  a l e s s  expensive ( than waste 
s o l i d i f i c a t i o n )  means o f  waste s t a b i l i z a t i o n ,  

5. 	 One opera t i ona l  technique t h a t  the a n a l y s i s  i n d i c a t e s  as being very 
use fu l  i n  ach iev ing  g rea te r  d isposal  f a c i l i t y  s t a b i l i t y  i s  by 
segregat ing unstable,  compressible waste streams from s t a b l e  waste 
streams. I n  t h e  ana lys i s ,  waste segregat ion was est imated t o  c o s t  
an approximate a d d i t i o n a l  $6/m3 ($0.17/ f t3)  i n  d isposal  f a c i l i t y  
design and opera t i ng  costs .  However, t h e  p r a c t i c e  enables an o v e r a l l  
r e d u c t i o n  i n  long-term maintenance costs.  I f  waste segregat ion i s  
n o t  implemented, then a l l  o f  t h e  d isposal  c e l l s  would c o n t a i n  
s i g n i f i c a n t  q u a n t i t i e s  o f  compressible wastes and increased 
maintenance a c t i v i t i e s  would be t h e r e f o r e  expected f o r  each d isposal  
c e l l .  I f  waste segregat ion i s  implemented, then t h e  increased 
maintenance a c t i v i t i e s  would on l y  be r e q u i r e d  f o r  t he  waste c e l l s  
c o n t a i n i n g  t h e  compressible waste. This  amounts t o  75% o f  t h e  waste 
f o r  waste spectrum 1, 45% o f  t h e  waste f o r  waste spectrum 2, and 
on ly  4% o f  t h e  waste f o r  waste spectrum 3. 
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The effects o f  segregation on reducing ground-water impacts is 
illustrated to a certain extent by comparing ground-water impacts
associated with Case 1A with those of Case 4A, and comparing those 
associated with Case 7A with those of Case 7B. That is: 

Case (mrem/yr) 


Organ 1 A  4A 7A 7B 

Boundary Well 

o Whole body 15.7 3.99 15.7 3.98 
o Thyroid 84.6 80.5 23.5 3.98 

Population We1 1 
o Whole body .048 .046 .02 0.01 
o Thyroid 26.7 25.4 7.43 .79 

As shown by comparing the difference between Case 1 A  and Case 4A 
(waste spectrum 1) with Case 7A and 7B (waste spectrum 21, not 
segregating the waste streams reduces the effectiveness of the 
improved stability and leaching characteristics associated with 
spectrum 2. Segregation is also seen to be an important prerequisite
for other operational improvements such as mproved disposal cell 
covers and improved compaction. As long as the stability of a 
disposal cell cannot be assured, then the s umping and collapse
associated with an unstable disposal cell w 11 reduce (if not negate)
the effectiveness o f  an improved cover. 

6. 	 Decontainerized disposal, which was analyzed as Case 6 ,  does not 
appear t o  be a viable disposal technique for generalized applications.
Decontainerized disposal would appear to be useful for occasional 
disposal o f  such wastes as low activity bulk solids, contaminated 
building rubble, or occasional large pieces o f  machinery, provided
that the disposal operations were carried out in an operationally
safe manner and that disposal cell voids were eliminated during
disposal. As a general practice extended to all compressible wastes, 
however, the potential improvement in ground-water impacts does not 
appear to be particularly impressive. In addition, significantly
higher occupational exposures are expected to occur. Finally, it is 
an option which would require significant changes in current disposal
operations and would not appear to be achievable within a short time 
frame. 

7. 	 Stacked disposal of waste rather than random disposal of waste is 
estimated to reduce ground-water impacts by a factor o f  approximately 
1.5. This is illustrated by comparing the results of Case 4C with 
Case 40. A t  currently operating disposal facilities, wastes are 
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8. 


9. 


1 0  

generally disposed by a mixture of techniques, depending upon the 

ease i n  which the p a r t i c u l a r  waste container can be handled and the 

level of a c t i v i t y  within the container. I f  a l l  wastes were required 

t o  be stacked on disposal ,  then occupational impacts a t  the disposal 

f a c i l i t y  would be expected t o  r i s e  s ign i f icant ly ,  ased upon t h i s ,  

i t  does not appear t h a t  the potential  reduction i n  ground-water 

migration due t o  stacking i s  s u f f i c i e n t  by i t s e l f  t o  require i t s  

use generally. However and as discussed below, waste stacking w ~ u 7 d  

appear t o  have a more favorable cost-benefi t  evaluation when  i t  i s  

car r ied  o u t  as  p a r t  of other operational techniques such as grouting 

or  placement of wastes i n t o  eiigineered s t ruc tures .  


Cases 5 and 9 invest igate  options i n  which more extensive operational 

measures a re  implemented a t  the disposal f a c i l i t y  t o  achieve disposal 

f a c i l i t y  s t a b i l i t y .  In Case 5 ,  f o r  example, waste spectrum 1 i s  

assumed and the wastes a re  stacked and grouted i n t o  cement walled 

trenches. Case 9 i s  similar  t o  Case 5 except t ha t  waste spectrum 3 

is  assumed. 


Both o f  these cases r e s u l t  i n  ra ther  s i g n i f i c a n t  reductions in potenti  a1 

ground-water migration as  well as postoperational costs  a t  s i g n i f i ­ 

cantly additional disposal f a c i l i t y  design and operation costs  as 

well as additional occupational exposures. For  example, compared 

w i t h  Case 1, Case 5 i s  estimated t o  r e s u l t  i n  an additional 

2.73 E+6 man-mrem i n  occupational exposures (over 20 years) a t  the 

disposal f a c i l i t y .  This i s  pr incipal ly  due t o  stacking the waste 

i n t o  the disposal c e l l s .  Total costs  (due t o  disposal only) a r e  

estimated t o  r u n  a t  an additional $207 mill ion over 20 years.  In 

comparison t o  Case 8 ,  Case 9 i s  estimated t o  involve an ~ ~ ~ ~ ~ ~ o

2.47E-6 in occupational exposures and an additional $121 million i n  

t o t a l  d i  spos.al costs .  


Most of the a l t e r n a t i v e  disposal f a c i l i t y  design and operating 

pract ices  examined ways in which the disposal f a c i l i t y  can be 

s t a b i l i z e d  s o  t h a t  inf lux of water in to  disposal c e l l s  i s  Eninirnized. 

Case 1 A  investigated an example i n  which the disposal c e l l s  a re  

backfi l led w i t h  sand p r i o r  t o  i n s t a l l a t i o n  o f  the cap. T h i s  i s  done 

t o  help f i l l  voids between waste packages t o  increase the ver t ica l  

speed o f  water percolating i n t o  the disposal c e l l s ,  t h u s  reducing 

the time of contact with the disposed waste. In Cas@114,t h i s  was 

estimated t o  reduce potent ia l  migration (compared w i t h  Case 1) by a 

fac tor  o f  about 10. I t  i s  recognized t h a t  there  i s  uncertainty 

regarding the  precise  effect iveness  of techniques such as the  sand 

backf i l l .  Nonetheless, i t  appears t o  be a useful and inexpensive 

technique f o r  reducing potenti  a1 impacts. 


In a recent amendment t o  1 0  CFR Part 20 ,  N R C  exempted l iqu id  s c i n t i l l a ­ 

t i o n  v i a l s  and animal carcasses containing t r i t ium o r  carbon-14 i n  

quant i t ies  greater  than .05 pCi/gm from disposal as radioactive waste 

(Ref. 9 ) .  That i s ,  these waste streams do not have t o  be t ransferred 
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t o  a l i censed  d isposal  f a c i l i t y  f o r  d isposal  b u t  may be disposed through 
o the r  means. Depending upon t h e  nature o f  t h e  nonradioact ive m a t e r i a l  
of which the  waste i s  composed, t h i s  may inc lude  d isposal  through 
o r d i n a r y  re fuse  channels o r  d isposal  i n t o  a nonradioact ive hazardous 
waste d isposal  f a c i l i t y .  

I t  i s  c u r r e n t l y  d i f f i c u l t  t o  gauge w i t h  accuracy t h e  e f f e c t  o f  t h i s  
amendment t o  P a r t  20 on t h e  volumes o f  wastes d e l i v e r e d  t o  d isposal  
f a c i l i t i e s .  The r e d u c t i o n  i n  the  volume o f  l i q u i d  s c i n t i l l a t i o n  waste 
and biowaste d e l i v e r e d  t o  d isposal  f a c i l i t i e s  w i l l  undoubtably be 
s i g n i f i c a n t .  Th is  amendment, however, w i l l  n o t  completely e l i m i n a t e  
t h e  volumes o f  these wastes d e l i v e r e d  t o  d isposal  f a c i l i t i e s .  For 
examp1e : 

o 	 Wastes c o n t a i n i n g  concentrat ions of t r i t i u m  o r  carbon-14 exceeding 
0.05 pCi/gm would s t i l l  r e q u i r e  d isposal  i n t o  a l i c e n s e d  rad io ­
a c t i v e  waste d isposal  f a c i l i t y .  

o 	 Wastes c o n t a i n i n g  rad ionuc l i des  o the r  than t r i t i u m  o r  carbon-14 
would s t i l l  r e q u i r e  d isposal  i n t o  a l i c e n s e d  r a d i o a c t i v e  waste 
d isposal  f a c i  1ity.  

o 	 There may be l o c a l  pressure o r  requirements aga ins t  a p a r t i c u l a r  
waste generator d ispos ing o f  t r i t i u m  and carbon-14 waste by o the r  
means than as r a d i o a c t i v e  waste. 

Given t h i s  c u r r e n t  u n c e r t a i n t y ,  t he  amendment has conserva t i ve l y  n o t  
been considered when c a l c u l a t i n g  m i g r a t i o n a l  impacts f r o m  waste d isposal .  
That i s ,  l i q u i d  s c i n t i l l a t i o n  and biowaste volumes have been assumed 
t o  be d e l i v e r e d  t o  t h e  reference d isposal  f a c i l i t y  and disposed. 
The e f f e c t  o f  t h i s  conservatism can be i l l u s t r a t e d  i n  t h e  f o l l o w i n g  
two cases, i n  which ground-water c a l c u l a t i o n s  f o r  Cases 1and 7D a re  
r e c a l c u l a t e d  w i t h  t h e  biowaste and l i q u i d  s c i n t i l l a t i o n  waste streams 
de le ted  from t h e  disposed waste i nven to ry .  

Resul ts  are presented i n  Table 5.25, and may be compared w i t h  t h e  
r e s u l t s  f o r  Case 1presented i n  Table 5.3 and w i t h  t h e  r e s u l t s  f o r  
Case 7D presented i n  Table 5.15. As shown, ground-water impacts i n  
Table 5.25 are on ly  s l i g h t l y  reduced over the  respec t i ve  impacts i n  
Tables 5.3 and 5.15. F o r  Case 1, f o r  example, whole body exposures 
a t  t h e  p o p u l a t i o n  w e l l  are reduced f r o m  0.44 mrem t o  0.43 mrem. 
S i m i l a r l y ,  exposures t o  t h e  G I  t r a c t  a t  t h e  p o p u l a t i o n  w e l l  are reduced 
f o r  Case 7D from .0016 mrem t o  .0013 mrem. Apparent ly,  i n c l u s i o n  o f  
t h e  l i q u i d  s c i n t i l l a t i o n  and b i o l o g i c a l  waste streams i n  t h e  ca l cu la ­
t i o n s  has had l i t t l e  e f f e c t  upon the r e s u l t s .  

11I 	 I n  t h e  ana lys i s ,  t h e  m o s t  s i g n i f i c a n t  shor t - term impacts appear t o  
be due t o  t r i t i u m  w h i l e  t h e  most s i g n i f i c a n t  long-term impacts appear 
t o  be due t o  iodine-129. Releases o f  b o t h  o f  these isotopes can be 
minimized by s t a b l e  s i t e  cond i t i ons .  Much of t he  t r i t i u m  waste appears 
t o  be concentrated i n  a f e w  low volume waste streams and f o r  these 
streams i t  appears t h a t  f u r t h e r  reduc t i ons  i n  m i g r a t i o n  can p o s s i b l y  
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Table 5.25 	 Summary Radiological Impacts f o r  Cases 1 and 7D W i t h o u t  
L iqu id  S c i n t i l l a t i o n  V i a l  Waste and Biowaste 

(1)

Intruder 3.041E+1 2.710E+0 3.041E+1 8.4QlE+2 3.04lE+l 3 . 0 4 1 P l  3.041E+9 


We1 1 (IO01 (6,000) (100) (4,000) (100) c m O  1 (1001 
B0u n dary 1.570E+2 2.709E+O 1.570E+2 8.461El-2 1.57OE+2 1.570Ed-2 1.570E+.2 

Wel ? (70) (6,QOO) (701 (70) (701
Pspul 

We1 1 (6,000) (8,000) (6, 8,008) (8,000) 
Surface 1.769E-2 2.348E-1 7.0 

Water (8,000) 10,000) (8, 

(7D)
I ntruder 2.116E-2 5.266E-1 2 196E- 2 

We1 1 
Boundary 

( loo )  (6 ,0001
1.107-E-1 5.266E-1 1.107E-I 

el 7 
Popul a t i  on 

we1 1 

(6,000) 
a. 659E-1 

(10 9 000 1 (10,000)  

(78)
1.223E-3 

Surface 5.270E-5 7.554E-3 
Water (10,Q00) (10 000) (10 0 ~ 0 )  

at ion 4.338E-1 5.519E-1 2.009E-1 P.1U.E-1 2. J43E-I 

p ~ ~be achieved through use of ~ ~ containers (e.g., see h i g hv ~ ~ 
i n ~ e ~ r i t ycontainer Cases 10 ).  Far example, 
w h i c h  provided 100 years o f  n t  would reduc 
a c t i v i t y  through radioactive decay by a fac tor  of 2 

Unlike t r i t i u m ,  however, iodine-129 has a very long half-ljfe and 

the  use o f  improved containers would rovide cnly  a ne l i g i b ’ l e  amount 

of additional decay. The principal in i s  t h r o u g h  im raved dr’5pOsal 

ce l l  s tabi  1i t y  whjch a11ows reduced rcolat ion o f  water through disposal

c e l l  covers. Another control mechanism would be t o  l i m i t  the disposal  

s i t e  inventory o f  iodine-129 and other long-lived mobile i s o t  

such as Tc-99 or  C-14. Such an inventory l f m i t  could not be 

however, b u t  would have t o  be establ ished on a s i t e - s p e c i f i c  basis. 


Another important consideration which would Lend t c  reduce the impact 

of migration o f  iod ine-129 i s  d i lu t ion  by natural j o d i n e .  Environ­

mental concentrations of 1-129 with respect t o  nautura1 ’iodine (1-127) 

has been the subject o f  several s tudies  (Refs. 1 0 ,  Il). One study 

indi ca tes  t h a t  around e:ti s t i  n nucl ear  faci  1it i  es , the  atom-rati a o f  
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1-129 t o  t h a t  o f  1-127 measured i n  b i o t a  ranges up t o  3.9 x i n  
t h y r o i d  t i s s u e s  o f  animals o the r  than bovine (deer around t h e  Hanford 
Reservat ion),  and up t o  1.7 x i n  bovine t h y r o i d  t i s s u e s  (around 
Northeastern Oregon) (Ref. 10) .  I n  another study, bovine t h y r o i d  
t i s s u e s  have been observed t o  have an 1-129/1-127 atom r a t i o  o f  
4.5 x around t h e  Savannah R ive r  p l a n t  (Ref .  11). It has a l s o  
been est imated t h a t  t he  1-129/1-127 r a t i o  may p o s s i b l y  be as h igh  as 
0.0035 i n  t h e  waste/so i l  m i x t u r e  i n  a d isposal  s i t e  (Ref. 12). Th i s  
c a l c u l a t i o n  assumes the  d isposal  o f  waste from 25 r e a c t o r s  and an 
average 1-127 concen t ra t i on  i n  s o i l  o f  1ppm. The authors o f  
Reference 1 2  f u r t h e r  c a l c u l a t e  t h a t  i f  t h i s  atom r a t i o  i s  below 0.02 
i t  would n o t  be p o s s i b l e  t o  exceed t h e  e x i s t i n g  dose gu ide l i nes  f o r  
t h y r o i d  exposures. 

It i s  a l s o  p o s s i b l e  t h a t  t h e  iodine-129 i n  waste may be d i l u t e d  through 
n a t u r a l  i o d i n e  produced as a daughter of Te-127 (which i s  a f i s s i o n  
product) .  A d d i t i o n a l  d i l u t i o n  cou ld  be p o t e n t i a l l y  inexpensive ly  
achieved by merely adding s t a b l e  i o d i n e  t o  waste streams c o n t a i n i n g  
iodine-129. 

Experimental.environmenta1 data and c a l c u l a t i o n s  such as t h e  above 
have l e d  some i n v e s t i g a t o r s  i n  t h e  p a s t  t o  u t i l i z e  t h e  t o t a l  body 
dose t o  humans as a b e t t e r  i n d i c a t o r  o f  t h e  exposure due t o  1-129 
than t h e  t h y r o i d  dose (Ref. 13). Th i s  s e l e c t i o n  r e s u l t s  i n  a s i g n i f i ­
cant  d i f f e r e n c e  i n  exposures s ince t h e  i n g e s t i o n  dose conversion f a c t o r s  
f o r  t h y r o i d  are about 800 t imes t h a t  o f  t o t a l  body. A c o r r e c t i o n  t o  
the  c a l c u l a t e d  1-129 t h y r o i d  exposures t o  account f o r  d i l u t i o n  w i t h  
n a t u r a l  i o d i n e  has no t  been made i n  t h i s  E I S ,  however. The concentra­
t i o n  o f  n a t u r a l  i o d i n e  i n  s o i l  v a r i e s  f r o m  p lace  t o  p lace  and t h e r e  
has as y e t  been no con f i rma to ry  measurements o f  iodine-127 concentra­
t i o n s  i n  the  s o i l s  and under l y ing  a q u i f e r s  a t  any o f  t he  e x i s t i n g  
d isposal  f a c i l i t i e s .  Ne i the r  have any measurements o r  c a l c u l a t i o n s  
been as y e t  performed regard ing t h e  1-129/1-127 r a t i o  i n  waste 
streams such as BWR i o n  exchange res ins .  

5.3 	 DEVELOPMENT OF A PERFORMANCE OBJECTIVE FOR M I G R A T I O N  AND LONG-TERM 
STAB1LITY 

Based upon t h e  above case study and t h e  observat ions and conclusions t h a t  can 
be de r i ved  from t h e  case study, a performance o b j e c t i v e  f o r  ground-water migra­
t i o n  and d isposal  f a c i l i t y  s t a b i l i t y  may be developed. It i s  necessary t o  
consider  these t w o  concepts s imultaneously,  s ince d isposal  f a c i l i t y  s t a b i l i t y  
d i r e c t l y  a f f e c t s  t h e  p o t e n t i a l  f o r  ground-water m i g r a t i o n  and t h e  ease i n  which 
p o t e n t i a l  impacts may be p red ic ted .  Disposal  f a c i l i t y  s t a b i l i t y  a l s o  a f f e c t s  
the  v i a b i l i t y  o f  engineer ing measures which can be implemented t o  reduce perco la­
t i o n  i n t o  d isposal  c e l l s .  (The s p e c i f i c  measure examined numer i ca l l y  i n  t h i s  
E I S  was use o f  a t h i c k  compacted c l a y  cap. However, t h i s  does n o t  prec lude 
use o f  o the r  p o s s i b l e  techniques such as p o l y e s t e r  membranes o r  s o i l  sealants).  
Unless d isposal  c e l l  slumping and subsidence can be c o n t r o l l e d  t o  low l e v e l s ,  
t h e  e f f e c t i v e n e s s  o f  such engineer ing measures can be s e r i o u s l y  reduced. 
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Perhaps most i m p o r t a n t l y ,  d isposal  f a c i l i t y  s t a b i l i t y  and t h e  corresponding 
p o t e n t i a l  f o r  ground-water m i g r a t i o n  d i r e c t l y  a f f e c t  the l e v e l  o f  long-term 
care and maintenance by t h e  s i t e  owner. Past experience w i t h  LLW disposal  
c l e a r l y  i n d i c a t e s  t h a t  one o f  t h e  most impor tant  o b j e c t i v e s  o f  LLW disposal  
should be t h a t  t h e  d isposal  f a c i l i t y  i s  s t a b i l i z e d  SO t h a t  l i t t l e  o r  no main­
tenance i s  r e q u i r e d  by t h e  s i t e  owner. NRC s t a f f  be l i eves  t h a t  t h e  a l t e r n a t i v e  
o f  n o t  cons ide r ing  t h i s  as a performance o b j e c t i v e  i s  c l e a r l y  n o t  acceptable. 

Given t h i s  as an o b j e c t i v e ,  then t h e  quest ion t h a t  a r i s e s  i s  how i t  may be 
implemented, o r  how much should be spent now t o  reduce cos ts  l a t e r .  Much of 
t h e  d i f f i c u l t y  i s  caused by t h e  form o f  t h e  waste. Most o f  t he  waste sent  t o  
LLW disposal  f a c i l i t i e s  cons is t s  o f  very low a c t i v i t y  m a t e r i a l  such as t r a s h  
which i s  f r e q u e n t l y  e a s i l y  degradable and compressible, and packaged i n  con­
t a i n e r s  such as l a r g e  wooden boxes and 55-gal lon m i ld  s t e e l  drums. Large v o i d  
spaces can a l s o  e x i s t  w i t h i n  waste packages and the  d isposal  c e l l  a f t e r  waste 
d isposal .  As t h e  waste m a t e r i a l  degrades and compresses, a process which i s  
accelerated by con tac t  by water, a d d i t i o n a l  vo ids a re  produced. Th is  leads t o  
se t t l emen t  o f  t h e  d isposal  c e l l  contents ,  f o l l owed  by subsidence o r  slumping 
o f  t h e  d isposal  c e l l  cover. Th i s  increases the  p e r c o l a t i o n  o f  water i n t o  
d isposal  c e l l s ,  a c c e l e r a t i n g  the  cyc le .  This  slumping and subsidence i s  
f r e q u e n t l y  q u i t e  sudden. 

A number o f  	a l t e r n a t i v e s  f o r  i nc reas ing  d isposal  c e l l  s t a b i l i t y  were considered 
d i n g  csse study. These a l t e r n a t i v e s  i nc luded  minor t o  moderate 
isposal  f a c i l i t y  design and opera t i ng  p r a c t i c e s  (e.g. ,  waste segrega­

t i o n ,  improved compaction), more extens ive changes t o  d isposal  f a c i l i t y  design 
and opera t i ng  r a c t i c e s  (e.g. ,  g rou t i ng ,  concrete w a l l e d  t renches, deconta iner ized 
d isposal ) ,  and improved waste f o r m s  and packaging. The a n a l y s i s  i s  compl icated 
by t h e  paradax t h a t  most o f  t h e  waste streams t h a t  c o n t r i b u t e  t h e  most t o  s i t e  
i n s t a b i l i t y  are t h e  same waste streams t h a t  c o n t a i n  t h e  l e a s t  a c t i v i t y .  Much 
o f  t h i s  l o w  a c t i v i t y  waste i s  on l y  suspected o f  be ing contaminated and/or i s  
generated by small  waste generators such as h o s p i t a l s  and research l a b o r a t o r i e s .  
These f a c t o r s  increase the  d i f f i c u l t y  o f  a r r i v i n g  a t  a c o s t - e f f e c t i v e  s o l u t i o n  
t o  t h e  problem o f  d isposal  f a c i l i t y  i n s t a b i l i t y .  That i s ,  i t  i s  d i f f i c u l t  t o  
j u s t i f y  r e q u i r i n g  l a r g e  a d d i t i o n a l  expendi tures t o  dispose o f  otherwise l o w  
hazard m a t e r i a l .  

One a l t e r n a t i v e  would be t o  i n c i n e r a t e  and s o l i d i f y  a l l  combustible waste streams. 
I n  general ,  a l tnough NRC s t a f f  be l i eves  t h a t  waste i n c i n e r a t i o n  may be a cost -
e f f e c t i v e  s o l u t i o n  f o r  some waste generators,  i t  would cause economic hardships 
i f  r e q u i r e d  genera l l y ,  p a r t i c u l a r l y  t o  small waste generators such as h o s p i t a l s  
and research l a b o r a t o r i e s .  I n  a d d i t i o n ,  i t  i s  n o t  a s o l u t i o n  t h a t  cou ld  be 
g e n e r a l l y  i n s t i t u t e d  on a reasonable t ime bas is .  Other a l t e r n a t i v e s  such as 
extens ive engineered d isposal  techniques (e.g., grouted o r  concrete w a l l e d  
t renches, deconta iner ized d i sposa l )  a l s o  appeared t o  have a number o f  drawbacks 
f o r  general a p p l i c a t i o n .  These drawbacks i nc luded  s i g n i f i c a n t  a d d i t i o n a l  
d isposal  costs  and s i g n i f i c a n t l y  increased occupat ional  exposures a t  t h e  d isposal  
f a c i l i t y .  

The most reasonable a l t e r n a t i v e s  considered--those which cou ld  be implemented 
w i t h  reasonable costs  and w i t h i n  a reasonable t ime frame-- involved s t a b i l i z a ­
t i o n  o f  h ighe r  a c t i v i t y  waste streams coupled w i t h  segregated d isposal  o f  lower 
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activity unstable waste streams. Such stabilization of the higher activity 
streams could be accomplished by either stabilizing the waste form (e.g.,
through solidification), stabilizing the waste package (e.9, through use of 

high integrity containers), or by disposal facility design (e.g. by placing

the waste into a structure which supports barriers t o  moisture). Once the 
disposal cells are stabilized, then improved barriers t o  moisture may be 
potentially emplaced, further reducing exposures to levels as l o w  as reasonably
achievable. 


This means that there still may be some long-term maintenance required for the 
segregated lower activity waste disposal cells. However, this maintenance can 
be reduced through such measures as 

0 mproved fill 


0 mproved disposal cell covers, including improved compaction 


o compaction of compressible wastes 

o increased attention p a i d  to minimizing voids i n  the w a s f a  containers 

o use of longer lasting waste containers ( e . g . ,  polys"' o n t a i  ners) 

Through such measures, it i s  possible that the level o f  mair, u i  red 
for the low activity disposal cells can be reduced to very 1 HnCreaSed 
consideration of disposal facility stability may be requirec 1 
facilities having very impermeable soils and located in a hu Iment. 

Given this overall objective--the need for disposal f - ~ ~ 
limits for migration are needed for purposes o f  evaluating t afety of existing
facilities and licensing new facilities. 

ortant factor that must be eonsidere e development o f  limits 
for ground-water releases are part o f  E P A ' s  establishment of generally applicable
environmental standards for LLW disposal. A t  this time the EPA standards have 
not  been developed and will not be developed prsor $8 issuance o f  the Part 51 
regulation. After review of the r e s ~ o n ~ ~ b i ~ i ~ ~ e ~ ~authorities, and relationship 
o f  NRC and �PA with respect to standards and regulations, it appears that there 
are two alternatives for further development o f  the Part 6 1  regulation: 

o 	 Delay development of the numerical limits urmtfl EPA establishes 
generally applicable environmental s ~ a ~ d a ~ d sfor ~ro~nd-water 

migration; 


o 	 Establish interim performance objectives, and modify the interim 
objectives when the EPA standard is available. 

The first a l t ~ ~ ~ a t i v ~ 
appears to be unacceptable as PA does not inten 
develop standards for LLW ds'sposal within a s ort time frame. ~ e ~ e ~ o ~ ~ e n ~of 
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a ground-water m i g r a t i o n  performance object ive--and t h e  P a r t  6 1  regu la t i on - -
would be delayed f o r  an i n d e f i n i t e  p e r i o d  u n t i l  t h e  EPA standard i s  developed 
and f ina l  ized. This  de l  ay coul  d p o t e n t i  a1l y  1a s t  several  years. 

The second a l t e r n a t i v e  i s  judged t o  be t h e  p r e f e r r e d  a l t e r n a t i v e  and has been 
fo l lowed by NRC. Under t h i s  a l t e r n a t i v e ,  t h e r e  i s  a p o t e n t i a l  f o r  p o s s i b l e  
f u t u r e  changes t o  t he  performance o b j e c t i v e  when t h e  EPA standard i s  implemented. 
These p o t e n t i a l  changes can be minimized, however, through NRC and EPA cooperat ion 
i n  t h e  development o f  t h e  P a r t  6 1  r e g u l a t i o n  and t h e  EPA standard. I n  a d d i t i o n ,  
d r a f t  EPA standards should be w e l l  under development and p o t e n t i a l l y  issued by 
t h e  t ime  NRC i s  ready t o  issue f i n a l  regu la t i ons .  S e t t i n g  o u t  a range o f  a l t e r ­
na t i ves  and ana lyz ing  them as p a r t  o f  t h e  LLW EIS would p rov ide  a bas i s  f o r  
e a r l y  d iscuss ion and focus o f  a t t e n t i o n  on what should be i n  t h e  standard. 

As f o r  t h e  case o f  t h e  i n t r u d e r  analyses9 a number o f  e x i s t i n g  standards may 
be analyzed f o r  cons ide ra t i on  as a performance o b j e c t i v e  f o r  ground-water 
m ig ra t i on .  Except f o r  t h e  p o t e n t i a l  use o f  o n s i t e  water f r o m  a w e l l  excavated 
by an i n a d v e r t e n t  i n t r u d e r ,  p o t e n t i a l  exposures cou ld  be expected t o  be chronic  
and p o s s i b l y  be experienced by populat ions.  Examples o f  e x i s t i n g  standards 
which can be considered inc lude  t h e  fo l l ow ing :  

o 	 l i m i t s  es tab l i shed  i n  1 0  CFR P a r t  20 f o r  pe rm iss ib le  l e v e l s  o f  r a d i a t i o n  
i n  u n r e s t r i c t e d  areas (500 mredyear  t o  the  whole body) 

o 40 CFR 190 

o 10 CFR 50, Appendix I 

o 40 CFR 141  

These standards, a l l  which have been discussed i n  Chapter 4 as p a r t  o f  s e t t i n g  
a performance o b j e c t i v e  f o r  t h e  p o t e n t i a l  i nadve r ten t  i n t r u s i o n ,  represent  a 
range o f  p o t e n t i a l  exposures o f  from 4 mrem/year t o  500 mrem t o  t h e  whole body. 
(Also see Appendix N f o r  a more comlplete d iscuss ion o f  these e x i s t i n g  standards.) 

An impor tant  cons ide ra t i on  i s  t h e  p o i n t  where the  ground-water standard i s  t o  
be appl ied,  and the  s i z e  o f  t he  p o p u l a t i o n  which cou ld  be p o t e n t i a l l y  exposed. 
That i s ,  i n  general ,  h ighe r  exposures cou ld  be al lowed f o r  a few i n d i v i d u a l s  
than t o  groups o f  people o r  populat ions.  

It i s  b e l i e v e d  t h a t  a general l i m i t  of  500 mrem/yr t o  t h e  whole body (10 CFR 
20.105 and 20.106) would n o t  be genera l l y  a p p l i c a b l e  f o r  t he  case o f  ground-water 
m i g r a t i o n  from d isposal  f a c i l i t y .  I n  any case, EPA l i m i t s  es tab l i shed  i n  40 CFR 
190 have been adopted i n t o  10 CFR 20 as a l i m i t  f o r  re leases f r o m  t h e  nuc lear  
f u e l  cyc le .  Most o f  t h e  a c t i v i t y  d e l i v e r e d  t o  t h e  d isposal  f a c i l i t y  w i l l  probably 
be generated f r o m  nuc lear  f u e l  c y c l e  a c t i v i t i e s ,  and such a l i m i t  would appear 
t o  be t r a n s f e r a b l e  t o  p o t e n t i a l  re leases from a d isposal  f a c i l i t y .  NRC c u r r e n t l y  
uses a l i m i t  i n  t h i s  range f o r  analyz ing d isposal  f a c i l i t i e s  f o r  long-term sa fe ty .  
As s t a t e d  i n  t h e  Low Level Waste L icensing Branch Technical P o s i t i o n  on B u r i a l  
Ground Closure and S t a b i l i z a t i o n  (Appendix I ) ,  NRC s t a f f  c u r r e n t l y  use a c r i t e r i a  
o f  small  f r a c t i o n s  o f  t h e  l i m i t s  i n  10 CFR 20 a t  t h e  s i t e  boundary and t h e  
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requirements in the National Primary Drinking Water Standards (40 CFR 141) at 
the nearest source of drinking water. The limits in 10 CFR 50, Appendix I are 
in t h e  same general range. 

As part o f  development of this standard, a number of discussions have been held 
with EPA staff regarding the NRC development of an interim standard and the 
ultimate development of the EPA general standard. During these discussions, 
E P A  staff indicated that they expected that their general environmental release 
s t a n ~ ~ r dwould probably end up in the same approximate range--i.e., from about 
one t o  25 mrem/year at the site boundary. 

A t  any case, Gases 1 through 1QC can be used to analyze alternative limits for 
a ground-water migration performance objective. Table 4.24 summarizes these 

ses ,  and also provides a summary of whole body and thyroid exposures at the 
site boundary as well as at a well assumed to be approximately 500 meters 
downstream and used by a small population. In the case study, exposures t o  
seven organs were calculated. Thyroid exposures were included in Table 5.24 
since these exposures were generally the largest o f  the organs considered. O f  
the remaining 6 organs, whole body was selected for Table 5.24 as representa­
tive. En the case study, exposures to most of the other organs were comparable

hat lower. Exposures to bone, however, were generally somewhat higher 

a factor of about 2-3). Whole body was included, however, as it better 

illustrated the  effects of tritium migration, which dominates the boundary well 
exposures but has little or no effect at the population well. 

Exposures received at the nearest downstream drinking water supply to the disposal
facility would appear to be more controlling than those at the boundary of the 
disposal facility. In the calculations, exposures at the intruder and boundary
wells ape principally characterized by a contribution from long-lived mobile 
isotopes such as Tc-99 and 1-129 as well as a contribution by shorter-lived 
isotopes such as tritium or Sr-90. By the time the contamination reaches the 
population well, however, the shorter-lived isotopes have mostly decayed away
and exposures are dominated by the longer-lived isotopes. 

This i s  indicated by comparing the results of the case study in Table 5.24. 

In  Table 5.24, the largest (limiting) exposures are to the thyroid, which is 
principally due to iodine-129, a mobile long-lived (15.9 million years) isotope. 
According to the assumptions for this EIS, this isotope i s  only slightly retarded 
by ion exchange and therefore moves essentially at the speed of the ground water. 
Due to the long half-life, radioactive decay between the boundary well and the 
population well is negligible. Therefore, population well thyroid exposures
generally differed by the amount o f  dilution provided by the well water withdrawn. 
This means that by establishing an interim exposure limit for the population 
well (in other words, the nearest downstream public water supply to the disposal
facility), an effective limit for the disposal facility boundary is also 
effectively established for long-lived mobile radionuclides. As indicated by
comparing whole body exposures at the boundary well and population well, the 
combination o f  radioactive decay for other shorter-lived isotopes such as H-3 
or Cs-137 results in significantly reduced exposures at the population well 

ared with the boundary well. 
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T h e  analysis  b o i l s  down t o  a question of what can be achieved a t  what pr ice .  

There is  current ly  no EPA ground-water standard t o  assess compliance. EPA plans 

t o  develop such standards within the next few years and EPA s t a f f  has indicated 

t o  NRC s t a f f  t h a t  they expect t h a t  the standard wil l  be i n  the range of 1t o  

25 millirem. In the previous discussion, NRC s t a f f  indicated i t  they believed 

t h a t  an appropriate level f o r  exposures a t  a potential  water supply was i n  t he  

area o f  4 mrem. T h i s  i s  w i t h i n  the range indicated by EPA as a probable standard 

and corresponds t o  standards set by EPA i n  40 C F R  1 4 1  f o r  primary drinking water 

supplies.  The r e s u l t s  of the case study may be  compared t o  see i f  a standard 

i n  th is  range i s  achievable and a t  what r e l a t i v e  level of cos ts .  


The case study appears t o  indicate  t h a t  a l i m i t  i n  the range of 4 ~ ~ @ m ~ ~ e ~ r  

can be achieved w i t h  some moderate cos ts  and changes t o  ex is t ing  pract ices .  

In comparing thyroid exposures a t  the population wel l ,  t h e  exposures appear t o  

f a l l  i n t o  3 o r  4 groups of calculated exposures and costs .  Exposures for-

Cases 1-3 and 1 A  range from 27 t o  650 mrem a t  negl igible  incremental casts.  

Exposures f o r  Cases 4A through 4E, i n  which a s e r i e s  of operational i m  

are  implemented, range from 2.6 t o  25 mrem a t  generally somewhat highe

incremental costs .  For Cases 76 through 70, i n  which Cases 4A-4C a r e  repeated 

using a d i f f e r e n t  waste spectrum (waste spectrum Z ) ,  calculated exposures ran 

from 0.2 mrem t o  0.8 mrem a t  incremental cos ts  ranging from $3.4 E+8 t o  $3.6 

Case 5, i n  which wastes i n  waste spectrum 1 a r e  assumed t o  be placed i n  a 

highly engineered cement walled disposal c e l l s ,  has calculated exposures i n  

the  same range as those f o r  Cases ?5-7D w i t h  incremental costs in the range of‘ 

$2.1 E+8. Final ly ,  Cases 8 and 9 i l l u s t r a t e  even lower exposures ( l e s s  than 

0 . 1  mrem) a t  s ign i f icant ly  higher cos ts  than t h e  other groups ($12-13 E+&).  


A t  f i r s t  appearance, the cos ts  f o r  these 4 groups appear t o  be in three general 

ranges: those i n  the range of small incremental cos ts  (waste spectrum 11, those 

i n  the range of moderate incremental cos ts  ($3.4-3.6 E+8 f o r  waste spectrum 21, 

and those i n  the  range o f  high incremental costs  ($12-13 E+8 f o r  waste spectrum 3 ) .  

However, t h i s  appearance should be viewed w i t h  some caution. In the l a s t  one 

or  two years there  has been considerable change i n  waste form and packaging 

prac t ices  by waste generators, This makes character izat ion of ex is t ing  waste 

generator pract ices  very d i f f i c u l t .  Waste spectra  1and 2 were therefore  

establ ished t o  bound ex is t ing  waste c h a r a c t e r i s t i c s ,  w i t h  the  rea l iza t ion  t h a t  

i n  many ways waste spectrum 2 represents conditions t h a t  waste generators a re  

e i t h e r  a t  o r  a r e  moving toward. Although there  a r e  current ly  no regjonal 

processing f a c i l i t i e s ,  many i f  not most of the  la rger  waste generators a re  

compacting compressible waste streams p r i o r  t o  shipment t o  a d i s  osal f a c i l i t y .  

License conditions a t  all exis t ing  disposal f a c i l i t i e s  wil l  short ly  require 

t h a t  some resins  and f i l t e r  media be e i t h e r  s o l i d i f i e d  o r  packaged i n  h i g h  

i n t e g r i t y  containers p r i o r  t o  disposal.  


T h i s  means t h a t  t h e  actual cos t  d i f f e r e n t i a l  between Cases 1-4E and Cases ?A-7D 

i s  not qu i te  as large a s  indicated.  Of the  $374 million d i f f e r e n t i a l  i n  waste 

processing cos ts  between waste spectra  1 and 2 ,  $36 mill ion i s  due t o  the assumed 

operation of a regional processing f a c i l i t y  which compacts compressible waste 

streams generated by small waste generators. O f  the  remaining $338 mill ion,  

approximately $40 mill ion i s  due t o  the assumed i n s t a l l a t i o n  of compactors by

the  la rger  waste generators and compaction o f  compressible waste streams pr ior  
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t o  d e l i v e r y  t o  t h e  d isposal  f a c i l i t y .  The remaining $298 m i l l i o n  i s  most ly  
spent i n  s t a b i l i z i n g  h i g h  a c t i v i t y  waste streams through s o l i d i f i c a t i o n  and 
o t h e r  means. Therefore,  d i scoun t ing  t h e  reg iona l  process ing f a c i l i t i e s  costs ,  
most o f  t h e  a d d i t i o n a l  costs  associated w i t h  waste spectrum 2 e i t h e r  represent  
a c t i v i t i e s  t h a t  many waste generators a re  a l ready c a r r y i n g  o u t  o r  represent  
cos ts  associated w i t h  one general way i n  which e x i s t i n g  d isposal  f a c i l i t y  l i c e n s e  
cond i t i ons  may be met. Another way i n  which e x i s t i n g  d isposal  f a c i l i t y  l i c e n s e  
cond i t i ons  can be met i s  through use o f  h i g h  i n t e g r i t y  conta iners.  Case 1OC 
examines a s i t u a t i o n  i n  which the  h ighe r  a c t i v i t y  waste streams a re  a l l  s t a b i l i z e d  
through use o f  h i g h  i n t e g r i t y  con ta ine rs  and i n  t h i s  case, t h y r o i d  exposures 
are 1.49 mrem a t  an incremental  c o s t  o f  about $7E+7. 

Another considerati on i s  equi t a b i  1ity. The incremental  costs  c a l  c u l a t e d  f o r  
Cases 5, 8 and 9 a r e  spread o u t  over  a number o f  waste generators,  i n c l u d i n g  
those which generate very low a c t i v i t y  wastes. Most o f  t h e  a d d i t i o n a l  cos ts  
f o r  Cases 7A-7D and lOC, however, a re  i nvo l ved  w i t h  s t a b i l i z i n g  t h e  h ighe r  a c t i v i t y  
waste streams. The l a t t e r  cases would appear t o  be a more e q u i t a b l e  d i s t r i b u t i o n  
o f  increased cos ts  based upon t h e  r e l a t i v e  hazard o f  t h e  waste. 

From 9-,i t  would appear t h a t  a performance o b j e c t i v e  t h a t  r e q u i r e s  t h a t
L / Z >  ng EPA p u b l i c  d r i n k i n g  water r e g u l a t i o n s  be met immediately downstream 

of a d isposal  f a c i l i t y  can be achieved w i t h  some moderate changes i n  waste form 
and packaging techniques and d isposal  f a c i l i t y  design and opera t i ng  p r a c t i c e s .  
These changes p r i n c i p a l l y  i n c l u d e  methods by which the  s t a b i l i t y  o f  t h e  d isposal  
f a c i l i t y  may be enhanced: 

o s t a b i l i z a t i o n  o f  h igher  a c t i v i t y  waste streams 

o 	 segregated d isposal  o f  s t a b i l i z e d  h ighe r  a c t i v i t y  waste streams f r o m  
unstable lower a c t i v i t y  waste streams; and 

o increased a t t e n t i o n  p a i d  t o  reducing con tac t  o f  water w i t h  the  waste. 

Increased s t a b i l i t y  o f  t h e  h igher  a c t i v i t y  waste streams may be accomplished 
by p l a c i n g  t h e  waste i n t o  a s t a b l e  form (e.g. ,  s o l i d i f i c a t i o n ) ,  use o f  a s t a b l e  
waste package (e.g. ,  h i g h  i n t e g r i t y  conta iners) ,  o r  through d isposal  c e l l  design 
For example, Class 4C, 7D, and 8 a l l  assume the  same d isposal  f a c i l i t y  design 
b u t  d i f f e r  i n  t h e  waste spectrum assumed. The c a l c u l a t e d  r e s u l t s  f o r  each of 
these cases are as fo l l ows :  

Boundary We1 1 
o Whole body 
o Thy ro id  

Populat ion We1 1 
o Whole body 
o Thy ro id  

Case 4C Case 7D Case 8 

Spectrum 1 Spectrum 2 Spectrum 3 

.1 -1 .1 
12.4 0.5 0.2 

.007 .002 .0003 
3.9 0 .2  .07 
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As s ta ted  above, the industry i s  moving toward waste spectrum 2 and therefore  
does not represent a s i g n i f i c a n t  change from exis t ing  pract ice .  Spectrum 3 ,  
however, represents considerable ex is t ing  costs .  

In the waste spectra  considered, the  indicated reduction i n  impacts caused by 
waste spectra  2 an 3 is  a r e s u l t  o f  two aspects: increased waste s t a b i l i t y  
and improvements i n  leaching charac te r i s t ics .  The principal gain i s  believed 
t o  be the former (increased s t a b i l i t y ) .  Although t h e  analysis  does indicate  
t h a t  reduced groundwater impacts can be achieved through increased s o l i d i f i c a ­
t i o n  and gives some indication o f  the  level o f  impact reduction poten t ia l ly  
achievable, i t  i s  current ly  d i f f i c u l t  t o  re ly  on  reduced leaching as a means 
o f  l imit ing impacts. There e x i s t s  l i t t l e  o r  ne information on the leaching 
c h a r a c t e r i s t i c s  o f  s o l i d i f i e d  waste forms f o r  long l ived mobile jsotopes such 
as  Tc-99, C-14, o r  1-129. 

The efPect of waste s t a b i l i z a t i o n  can a l so  be assessed. I n  waste spectrum 2 ,  
a l l  of the higher a c t i v i t y  waste streams are  s tab i l ized  by e i t h e r  s o l i d i f i c a t i o n  

In Case ~1OC, waste~ spectrum 1 i s  assumed ando r  waste packaging t e c ~ ~ ~ ~ e ~ 

the  s o l i d i f i e d  waste streams a r e  ass,umed t o  be s t a b i l i z e d  through use of h i g h  

i n t e ~ ~ ~ ~ y 
containers.  As shown i n  Table 5.28, the t o t a l  cost associated wi th  
the  case i s  only 4.62 E+8. Impacts w i t h  t h i s  case may be compared w i t h  an 
example i n  which a l l  high i n t e g r i t y  containers a re  assumed t o  provide s t a b i l i  
only. These follows:a r e  as 

Boundary Well 

o Thyroid 

Population We1 1 
Whole body 

o Thyroid 

That i s ,  i f  the  o n ? y  c r e d i t  given 
is achievable. 

Case POC 

. 0 1  
4.7 

. O O 4  
1.49 

Case 1OC 
( S t a b i l i t y  Only) 

0. 1 
4.7  

I 004 
I.43 

i s  t o  s t a b i l i t y ,  t h e n  the performance objective 

S t a b i l i t y  o f  the  higher a c t i v i t y  waste streams i s  also important i n  t h a t  i t  
gives grea te r  assurance t h a t  the performance object ive can be met even under 
less  than ideal conditions. For  example, i n  Case l O C ,  the waste i s  assumed t o  
be segregated and disposed in disposal c e l l s  having a th ick  compacted clay cap. 
I t  i s  useful t o  consider the impacts i f  t h i s  improved cap d i d  not function a5 
intended. F o r  waste spectrum 1, t h i s  may be i l l u s t r a t e d  by the  impacts associated 
w i t h  Case 4A. These impacts may be compared t o  a s imilar  case in  which the 
higher a c t i v i t y  waste streams a r e  s tab i l ized .  (The same waste form and packaging 
as Case I O C  only the disposal f a c i l i t y  design i s  the same as  Case 4A). The 
impacts a re  as follows: 
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Boundary W e l l  
Q Whole body 
o Thy ro id  

Populat ion We1 1 
o Whole body 
o Thy ro id  

Case 4A 

4.0 
80.5 

.05 
25.4 

Case 4A w i t h  s t a b i l i z e d  
h ighe r  a c t i v i t y  streams 

.07 
20.1 

.02 
6.6 

As can be seen, t h e  p o p u l a t i o n  w e l l  t h y r o i d  exposures are o n l y  a f a c t o r  o f  1.7 
higher than the 4 mrem limit f o r  t h e  s t a b i l i z e d  case w h i l e  f o r  Case 4A t h e  
c a l c u l a t e d  exposures a re  a f a c t o r  o f  6.4 h igher .  

Given t h e  s e l e c t i o n  o f  a performance o b j e c t i v e  corresponding t o  EPA p r imary  
d r i n k i n g  water standards (40 CFR 141) a t  t h e  nearest  d r i n k i n g  water supply t o  
t h e  d isposal  f a c i l i t y ,  a performance o b j e c t i v e  may a l s o  be s e t  o u t  f o r  p o t e n t i a l  

s a t  t h e  d isposal  f a c i l i t y  boundary. While releases o f  l o n g e r - l i v e d  
w i l l  be c o n t r o l l e d  by t h e  performance o b j e c t i v e  f o r  t h e  nearest  d r i n k i n g  
p ly ,  t h e r e  i s  a p o s s i b i l i t y  f o r  somewhat h ighe r  ground-water impacts 

a t  the boundary w e l l  due t o  t h e  m i g r a t i o n  o f  s h o r t - l i v e d  isotopes. I n  a d d i t i o n ,  
such exposures would impact a reduced number o f  i n d i v i d u a l s .  For t h i s  reason, 
NRC s t a f f  b e l i e v e s  a h ighe r  dose c r i t e r i a  cou ld  be implemented and have se lec ted  
a c lose  c r i t e r i a  corresponding t o  c u r r e n t  EPA l i m i t s  i n  40 CFR 190 f o r  re leases 
from the  nuc lear  f u e l  c y c l e  (25 mrem t o  whole body, 75 mrem t o  t h y r o i d ,  and 
25 m r e m  t o  o the r  organs). Twenty f i v e  mrem t o  whole body and t o  o the r  organs 
a t  t h e  f a c i l i t y  boundary i s  a t  t h e  upper end o f  t he  expected range o f  t h e  f u t u r e  
EPA l i m i t  f o r  general ground-water releases. 

5.4 OTHER POTENTIAL LONG-TERM ENVIRONMENTAL IMPACT PATHWAYS 

Th is  s e c t i o n  addresses o t h e r  p o t e n t i a l  long-term impacts associated w i t h  near-
sur face d isposal  o f  r a d i o a c t i v e  waste. These impacts may be d i v i d e d  i n t o  t h r e e  
areas : 

1. Gaseous re leases from decomposing wastes. 
2. P l a n t  and animal i n t r u s i o n .  
3. Erosion. 

P o t e n t i a l  ways t o  m i t i g a t e  such impacts a r e  a l s o  addressed. The d e t a i l s  a re  
s e t  o u t  i n  Appendix M. 

5.4.1 Gaseous Releases From Decomposing Wastes 

Much o f  t h e  waste c u r r e n t l y  be ing disposed i n  shal low l a n d  b u r i a l  f a c i l i t i e s  
c o n s i s t s . o f  organic  m a t e r i a l  such as wood, paper, o r  animal carcasses. As such 
b u r i e d  organic  m a t e r i a l  decomposes over t ime, gaseous decomposit ion products 
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such as CO, or CH, (methane) are formed which can be transported upward, through

the trench caps, and into the atmosphere. Such decomposition gases can contain 

tritium (H-3, or T), C-14, or other radioisotopes contained in the disposed 

waste. 


The presence of tritium and carbon-14 tagged decomposition products at shallow 
land burial facilities was first observed by Matuszek, et al., (see Appendix M).
Samples o f  gases collected from trench sumps at the Maxey Flats, Kentucky, and 
West Valley, New York disposal facilities have been shown to contain elevated 
quantities of tritiated gaseous compounds, primarily CH,T and HTO, but also HT 
and other tritiated hydrocarbons. Such C-14-tagged hydrocarbons as 14C0, and 
l*CH, have also been identified as well as Kr-85 and Rn-222. 

There are two concerns due to the observed generation of waste decomposition 

gases within disposal trenches: (1) offsite exposures due to release of radio­

active gases, and (2) onsite nonradiological safety to operating crews. 


In the former case, potential offsite releases and exposures to individuals do 
not appear to be significant. Although the existing data is limited, the 
emanation rates that have been measured at near-surface disposal facilities 
are small, and would indicate that potential offsite exposures would not be 
significant. That i s ,  potential exposures would be expected to be orders of 
magnitude less than limits established in 10 CFR 20 and much less than limits 
established in 40 CFR 190 for effluents from operation of a nuclear fuel cycle
facility. However, additional field investigation could be performed to verify
this and to investigate the extent that differences in site design, operation,
site climate, seasonal variation, measurement techniques, etc. have upon the 
emanation rates. For example, the observed differences in tritium emanation 
rates between the Beatty facility and the Maxey Flats facility may be influenced 
by the lesser permeability of the cover material at the Maxey Flats facility.
The s o i l  was generally saturated when the measurements were taken, which would 
impede upward gas flow. Other site specific conditions--such as the greatly
increased evapotranspiration at the Beatty facility compared with the Maxey
Flats facility--may also have an impact. 

Decomposition of organic waste and generation of gases i s  a complex process
which i s  accelerated by moist, satwratedrconditions and retarded by dry,
unsaturated conditions. The former is illustrated by the conditions at the 
Maxey Flats and West Valley facilities, where waste decomposition has led to 
increased infiltration and saturated conditions, further accelerating decompo­
sition. The latter situation is illustrated by the Beatty, Nevada facility,
which has no water management problems and a greatly reduced rate of waste 
decomposition. Emanation of the generated gases through the trench cap i s  a 
variable depending upon such factors as trench cap thickness and composition.
In general, emanation rates would be reduced by thicker covers composed of lower 
permeable materia1s. 

Key variables, o f  course, are the composition of the waste material itself, as 
well as the disposal practices at a particular disposal facility. Compressible,
easily degradable organic waste material can lead to water management problems 
at humid sites as well as increased generation of gaseous decomposition products. 
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Therefore, essentially the same improvements in waste form and disposal facility

design and operation practices that would eliminate the need for active long-term

maintenance activities following site closure would also act to greatly reduce 
the rate o f  decomposition of the waste material. Such a reduction in the decom­
position rate of the disposed waste would not only reduce the instantaneous 
production rate of gaseous decomposition products, but would also allow time 
fo r  decay of tritium (half life of about 12  years). Thus, total integrated
releases over time would be smaller. 


In summary, the emanation rates actually measured from LLW disposal sites are 
very small, and would be expected to result in very small offsite doses. Even 
under less than ideal conditions--that is, f o r  example, at Maxey Flats where 
decompos~n~waste has produced a bathtub situation--decomposition gases have 
not resulted in significant releases. Furthermore, such generation rates would 
be expected to fall off over time. This i s  the experience seen by EPA for 
methane generation at nonradioactive solid waste disposal sites. 

The second area o f  concern i s  o f  a re?ative?y shorter-term nature--i.e., a poten­
tial n o ~ r a d i o ~ o ~ i ~ ~ ~safety hazard at the disposal facility from generation o f  
methane gas. Methane explosions have een observed at or nearby sanitary landfills. 
This potential concern, however, can be mitigated or eliminated at a low-level 
waste disposal facility by, for example, reducing the decomposition rate of 
the waste material. This has already been shown t o  be important for minimizing
the need f o r  active long-term maintenance. In addition, methane gas generation
and migration may be readily monitored in sumps and observation wells through
currently available techniques. if monitoring shows methane gas generation to 
be a potential problem, the technology f ~ rconstruction of engineered methane 
control systems has already been developed for sanitary landfills and chemical 
and hazardous waste disposal facilities, where methane generation would be 
expected to be a much greater p r o ~ ~ e ~due to the nature of the disposal
technology utilized and the typically higher organic content of the disposed 
waste materia1 . Appli ation of a given methane gas control technology would 

p l i e d  on a site-s ecific basis as part o f  licensing an individual facility. 

5.4.2 Plant and Animal Intrusion 

The intrusion o f  deep-rooted plants and urrowing animals into disposed waste 
Q o t e n ~ ~ a ~ l yaffect disposal facilities in three ways: 


~ o ~ u ~ ~ ~ ~ e s 
may be Drought ti the surface where they may be d’l”spersed
by wind and water; 

ination on or within plants and animals may be potentially eaten 
y humans; and 

o Plant and animal intrusion can create pathways in a disposal trench 
cover for increased percolation of rainwater i n t o  the disposal trench, 
thus increasing round-water migration. 

Occasional cases of plant and animal intrusion have been documented at disposal
erated by the ~ e ~ a r t ~ e n ~of  Energy and are discussed in Section 2.2.4 
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o f  Appendix F. The uptake and d i s p e r s i o n  o f  r a d i o a c t i v i t y  by p l a n t s  and animals 
has no t  been repo r ted  a t  commercial d isposal  f a c i l i t i e s .  The impacts from these 
documented cases have n o t  been o f  major p u b l i c  h e a l t h  and s a f e t y  concern. Actual 
uptake and d i s p e r s i o n  impacts o f  p l a n t  and animal i n t r u s i o n  i n t o  disposed wastes 
would be s i t e  s p e c i f i c  and d i f f i c u l t  t o  p r e d i c t  due t o  d i f f e r e n c e s  i n  c l imate,  
p l a n t  and animal species and waste c h a r a c t e r i s t i c s .  The l a s t  e f f e c t  o f  p l a n t  and 
animal i n t r u s i o n - - t h a t  o f  i nc reas ing  p e r c o l a t i o n  i n t o  disposal  cel ls--was 
considered d u r i n g  t h e  ground-water ana lys i s  i n  Sect ion 5.2 

I n  Appendix F, NRC looked a t  a number o f  ways i n  which t h e  occurrence of p l a n t  
and animal i n t r u s i o n  cou ld  be minimized o r  e l im ina ted ,  i nc lud ing :  

1. 	 I nc reas ing  t h e  th ickness o f  e a r t h  f i l l  between t h e  t o p  o f  t h e  disposed 
waste and the  d isposal  c e l l  surfaces; 

2. P lac ing  h ighe r  a c t i v i t y  m a t e r i a l  a t  g rea te r  depths; 

3. Improvements i n  waste f o r m ;  and 

4. 	 Using b i o l o g i c a l  b a r r i e r s  such as r i p - r a p ,  cobbles, aspha l t ,  r o o t  
t o x i n s  and herb ic ides.  

These are discussed i n  g rea te r  d e t a i l  i n  Sect ion 2.2.4 o f  Appendix F and i n  
Sect ion 2.0 o f  Appendix M. NRC concluded t h a t  t h e  methods t h a t  would be a p p l i e d  
t o  reduce impacts t o  man due t o  human i n t r u s i o n  and m i g r a t i o n  would a l s o  
g e n e r a l l y  serve t a  reduce t h e  p o t e n t i a l  impacts o f  p l a n t  and animal i n t r u s i o n  
(e.g. ,  t h i c k e r  t rench  caps and p l a c i n g  h i g h  o r  a c t i v i t y  waste deeper). W i th  
respect  t o  s p e c i f i c  engineered b i o l o g i c a l  b a r r i e r s ,  NRC concluded t h a t  such 
b a r r i e r s  may be use fu l  as a means o f  h e l p i n g  t o  reduce p o t e n t i a l  ground-water 
m i g r a t i o n  t o  l e v e l s  as low as reasonably achievable. However, a d d i t i o n a l  work 
i s  b e l i e v e d  t o  be needed rega rd ing  the  a p p l i c a t i o n  and use o f  b i o l o g i c a l  
b a r r i e r s  be fo re  s p e c i f i c  requirements f o r  t h e i r  use cou ld  be establ ished.  For 
example, i t  i s  b e l i e v e d  t h a t  t h e  e f fec t i veness  o f  such b i o l o g i c a l  b a r r i e r s  would 
be s e r i o u s l y  reduced as long as i n s t a b i l i t y  o f  t he  d isposal  c e l l s  was a problem. 
The presence o f  t h e  b a r r i e r s  may a l s o  make maintenance o f  unstable d isposal  
c e l l s  more d i f f i c u l t  and more expensive. NRC t h e r e f o r e  concluded t h a t  a t  t h i s  
t i m e  i t  i s  o f  more fundamental importance t o  concentrate on methods t o  achieve 
g rea te r  d isposal  c e l l  s t a b i l i t y .  Thus, i n  des ign ing d isposal  c e l l  covers, p l a n t  
and animal i n t r u s i o n  should be considered on a s i t e - s p e c i f i c  bas is  b u t  r e q u i r i n g  
s p e c i f i c  ac t i ons  t o  i nc lude  b a r r i e r s  t o  such i n t r u s i o n  i s  n o t  b e l i e v e d  t o  be 
genera l l y  app rop r ia te  a t  t h i s  t i m e .  

5.4.3 Eros ion 

Another source o f  p o t e n t i a l  environmental re leases i s  through t h e  e f f e c t s  o f  
wind and water erosion. Through these mechanisms, t h e  covers over d isposal  
trenches may be removed over t ime, e v e n t u a l l y  exposing t h e  disposed wastes which 
cou ld  then be p o t e n t i a l l y  d ispersed i n t o  the  environment through a i rbo rne  o r  
water-borne pathways. I n  a d d i t i o n ,  a s i g n i f i c a n t  e ros ion  problem would reduce 
the p r e d i c t a b i l i t y  o f  t h e  d isposal  f a c i l i t y  performance over t i m e .  
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It is recognized that minimizing the effects of erosion is of significant

importance when siting, designing and operating a disposal facility. Avoidance 

of areas which could result in erosion problems has been already addressed in 

the basic siting considerations set out in Appendix E. The effects of erosion 

and the types of erosion are site-specific and would be analyzed as part o f  
individual licensing actions for a particular disposal facility. For some 
facilities--for example, those located in an arid region having high winds--wind 
erosion may be o f  most significance. For facilities located in humid environ­
ments, gully or sheet erosion due t o  the action o f  water may be of most 
significance. Gully erosion would effect less of the disposed waste, but could 
occur over a shorter time frame. Sheet erosion would eventually effect a larger 
area, and hence a larger amount of the disposed waste, but would take longer 
t o  occur. 

It is believed that the effects of erosion at a disposal facility can be 
minimized through groper siting, design, and operation to the point that it 
need not be considered a problem. Practical measures which can be readily taken 
to minimize o r  eliminate this potential problem include the following examples: 

o 	 Avoid areas characterized by rapid erosion, such as flood plains, 
areas o f  high topographic relief, and so forth. 

o 	 Stabilize t h e  site against erosion through application of a soil 
cover such as grass or a layer of rip-rap. 

o 	 If drainage channels are used at the facility, minimize gully
erosion through appropriate engineering such as lining with rip-rap. 

Still, it is instructive to obtain an upper-bound estimate of the level of 
potential exposures that could occur if through some reason the waste did 
become exposed through erosion. To do this, an estimate must be made of the 
length of time that it takes for the cover over the waste to be removed through
weathering activities. As stated above, gully erosion could be a fairly rapid 
process. However, its effects would tend to be localized and if it were to 
occur, then it would most likely be identified during the 100-year institutional 
control period. During this time period, the disposal site would be under the 
surveillance and control of a governmental agency and steps could be taken to 
correct the problem. Sheet erosion, however, would appear to be a less 
perceptible, longer-term potential problem. 

A discussion of factors which influence wind and water erosion, as well as typical
erosion rates in various parts of the country, is provided in Appendix M. For 
the purposes o f  this environmental impact statement, a time of 2,000 years is 
assumed to be required to uncover 2 meters of soil, or about 1,000years per 
meter of cover over the disposed waste. This essentially assumes a soil loss 
of 6 tons per acre per year from the disposal trench. A continuous (over 
2,000 years) soil ’loss rate o f  this magnitude from the disposal facility is 
extremely unlikely. It ignores ground cover and other surface engineering 
measures that would be incorporated into the disposal facility. The loss rate 
i s  at an upper range associated with typical farming activities. Such farming
activities are unll’kelyto Q C C U ~and if they do occur, it would be unlikely 



5-87 


t ha t  a continual so i l  loss  r a t e  of 6 tons  per year would be to le ra ted  by a farmer. 
Such ra tes  would probably reduce the productivity of  the s o i l s  t o  unacceptable 
leve ls  long before the 2 meters o f  so i l  thickness i s  l o s t .  

In any case,  a f t e r  a time period equal t o  1,000 years per meter of cover 
thickness,  the trench covers a re  hypothetically assumed t o  be eroded away and 
the scenario i s  i n i t i a t e d .  As a fur ther  conservatism, no c r e d i t  f o r  waste form 
i s  assumed f o r  the erosion scenario. The contaminated exposed soil /waste mixture 
i s  assumed t o  be carr ied by the water in to  a surface body water located one 
kilometer from the disposal f a c i l i t y .  The natural mobilization r a t e  calculated 
f o r  the reference f a c i l i t y  (about 0.75 tons/acre/year) i s  used. The reduction 
in the a c t i v i t y  due t o  deposition along the route i s  neglected and the soil/waste 
mixture i s  assumed t o  a l l  dissolve i n  the surface water, where the water =is 
used by an individual for  consumption, crop i r r i g a t i o n ,  and so f o r t h ,  The to t a l  
exposures received by a l l  s ign i f i can t  pathways may then be calculated.  

Similar ly ,  the e f f ec t s  of wind dispersal  of the soil/waste mass exposed by the 
sheet erosion t o  the surrounding population a re  calculated.  Details of the 
calculat ional  procedures used t o  estiimate surface water erosion impacts t o  indi­
viduals and airborne impacts t o  populations are  provided i n  Appendix G. In 
these calculat ions,  no c r ed i t  i s  assumed f o r  waste form. 

The r e su l t s  of these calculat ions fo r  the 20 cases considered -in Section 5.2 
i n  the  ground-water migration case study are  s e t  o u t  in Tables 5.26 and 5.27. 
As can be seen, the hypothetical waterborne exposures range from about .1 t o  1 
mrem t o  thyroid. All organ exposures a re  less  than 4 mrem/year. Similar ly ,  
the h y p o t ~ e t ~ c a lairborne exposures within 50 miles o f  the  disposal f a c i l i t y  
range from about 3.5 t o  7.3 man-mrern t o  whole body and from about 70 t o  138 
~ ~ ~ ~ m r e ~t o  bone. The population is assumed t o  be three times the s i r e  of t h e  

withinp o ~ ~ ~ a ~ i o n  the v i c in i ty  of the f ac i l i t y .wh i l e  the f a c i l i t y  i s  operating. 
As can be seen, such exposures a re  very small and are  an order o f  magnitude o r  
so below those exposures calculated during the hypothetical operation of a 
regional waste incinerator  (See Chapter 6).  

5.4.4 Summary 

The previous three sections investigated three additional pathways f o r  potential  
long-term exposure of the public: gaseous releases from decomposing wastes, 
plant  and animal in t rus ion ,  and erosion of the disposal f a c i l i t y .  None of these 
three pathways would appear t o  r e su l t  i n  potent ia l  exposures which would exceed 
the ground-water performance objective developed i n  Section 5.3. 

For each o f  these potent ia l  pathways, there  a re  a number of actions which may 
be taken t o  minimize such releases .  By and la rge ,  such actions a l so  serve t o  
reduce potent ia l  exposures t o  humans th rough  ground-water and intrusion pathways, 
as well as reduce the need fo r  long-term maintenance of the s i t e .  For example, 
gaseous releases  can be reduced by assuring s t ab le  s i t e  conditions. Erosion 
i s  a slow, long-term process which can be controlled through proper s i t i n g  and 
good operational techniques. Impacts from plant  and animal intrusion can be 
reduced th rough  engineering designs applied t o  reduce ground-water migration
and potent ia l  intruder  exposures. 
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a t i o n  Airborne Impacts f r o m  Potential  Erosion o f  
eference F a c i l i t y  

Organ 

case “e3y Sowe Liver Thyroid Kidney Lung GI. 

55.32 5.38 21.21 76.43 0.21 
55.32 5.38 21.21 76.43 0.21 
55.32 5.38 21.21 76.43 0.21 

5.32 5.38 21.21 76.43 0.21 
55.24 5.37 21.18 76.31 0 .21  
55.24 5.37 21.18 76.31 0 .21  
46.05 5.36 16.14 74.39 0.19 

6.01 5.35 16.13 74.33 0.19 
46.01 5.35 16.13 74.33 0.19 
55.02 58.67 18.02 84.85 0.24 
46. oa 5.36 16.14 74.39 0.19 
40.19 3.17 15 .21  70.66 0.23 
95-00 64.53 36.03 111.9 0.38 
95.00 64.53 36.03 111.9 0.38 
79.40 64.51 27.50 108.6 0.35 
79.50 64.58 27.51 108.8 0.32 
55.01 58.66 18.01 84.84 0.22 
46.85 5.36 16.14 74.39 0.19 
79.40 64.51 27.50 108.6 0.35 
79.22 64.36 27.43 108.4 0.35 
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Table 5.27 	 Individual Waterborne Impacts From Potential  Erosion o f  
the Reference F a c i l i t y  

Organ 

Case Body Bonk? Liver Thyroid Kidney Lung GI 

(mi 11i remslyr t o  an i ndi v i  dual ) 

1 5.37E-2 4.64E-1 7.61E-2 1.19E-1 9.17E-2 4.26E-2 7.27E-2 
2 5.37E-2 4.64E-1 7.61E- 2 1.19E-1 9.17E-2 4.26E-2 7.27E-2 
3 5.37E-2 4.64E-1 7.61E-2 1 .19E- I  9.17E-2 4.26E-2 7.27E-2 
1 A  5.37E-2 4 S4E- 1 7.61E-2 1.19E-1 9.17E-2 4.26E-2 7.27E-2 
4A 5.36E-2 4.63E-1 7.59E-2 1.19E-1 9.15E-2 4.25E-2 7.26E-2 

5 5.36E-2 4.63E-I  7.59E-2 1.19E-1 9. 15E-2 4.25E-2 7.26E-2 
4c 4.74E-2 4. E5E-1 6.35E-2 I.14E-1 7.63E-2 3.78E-2 6.53E-2 
45 4.74E-2 4.15E-1 6. ME-2  1.14E-1 7.62E-2 3.78E-2 6.53E-2 
4E 4.74E-2 4.15E-1 6.34E- 2 1.14E-1 7.62E-2 3.78E-2 6.53E-2 
5 5.23E-2 4.56E-1 9.06E-2 8.79E-1 6 . l l E - 2  2.37E-2 1.17E-1 
6 4.74E-2 4.15E-1 6.35E-2 1.14E- 1 7.63E-2 3.78E-2 6.53E-2 
7A 6.42E-2 4.93E-1 7.81E-2 9.73E-2 9.73E-2 5.33E-2 8.1JE-2 
7B 9.76E-2 7. 76E-1 1.61E-1 P.OOE+O .32E- I  1 .95E-1  
7c 9.76E-2 7.76E-1 1 . 6 l E - 1  l . O O E + O  1.32E-1 6. Q4E-2 P.95E-1 
7D 8.87E-2 7.03E-1 1.41E-1 9.94E-1 1.08E-1 5.4EE-2 
8 7.49E-2 6.35E-1 1.28E-1 9.82E-1 9.37E-2 4.02E-2 1.68E-1 
9 4.69E-2 4.29%-1 8.52E-2 8.74E-1 5.57E-2 I.82E-2 1 . l l E - 1  
10A 4.74E-2 4.15E-1 6.35E-2 1.14E-1 7.63E-2 3.78E- 2 6.53E-2 
10B 8.87E-2 7 e 03E-1 1.41E-I 9.94E-1 1.08E-1 5.41E-2 1 . 8 P E - 1  
1OC 8.85E-2 7.01E-1 1 .41E- I  9.92E-1 1.07E- 1 5.4OE-2 I.8E-1 

Further reductions i n  impacts from plant  and animal intrusion--in p a r t i c u l a r ,  
fur ther  reductions in long-term ground-water releases--may be poten t ia l ly  

through use of biological bar r ie rs  t o  plant  and anima? int rusion.  
Some work has been performed t o  develop such biological b a r r i e r s ,  b u t  addi­
t ional  work  i s  believed t o  be necessary (par t icu lar ly  i n  humid environmnts) 
p r i o r  t o  s e t t i n g  o u t  c r i t e r i a  f a r  t h e i r  use. I n  any case,  the effect iveness  
o f  biological b a r r i e r s  would appear t o  be dependent upon the degree o f  s i t e  
s t a b i l i t y  achieved. Ways t o  achieve improved s i t e  s t a b i l i t y  over time would 
therefore  be of more fundamental importance. 

5.5 DEVELOPMENT O F  TECHNICAL CRITERIA 

ased on t h e  r e s u l t s  of the preceding a l te rna t ives  analyses,  NRC s e l e c t s  in 
t h i s  section minimum technical requirements t h a t  s h o u l d  be considered and 
applied i n  a l l  cases t o  h e l p  ensure t h a t  the performance o b j e c t i v e s  will  be met. 
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The r e s u l t s  o f  the prev ious analyses i n d i c a t e  t h a t  w i t h  modest increases i n  
c o s t  r e l a t i n g  t o  improving t h e  form and p r o p e r t i e s  o f  waste shipped f o r  d isposal  
and modest improvements i n  the  design and opera t i on  o f  a near-surface d isposal  
f a c i l i t y  (many o f  which are being used a t  some o f  t he  e x i s t i n g  s i t e s  today) 
t h e  p o t e n t i a l  hea l th ,  sa fe ty ,  and environmental impacts from d isposal  o f  LLW 
can be g r e a t l y  reduced. I n  a d d i t i o n ,  t h e  a b i l i t y  t o  p r e d i c t  t h e  long-term 
performance and impacts o f  near-surface d isposal  f a c i l i t i e s  i s  improved and 
t h e  unce r ta in  and h i g h  cos ts  r e q u i r e d  t o  care f o r  d isposal  s i t e s  over t h e  l ong  
term a re  reduced. 

The minimum requirements developed i n  t h i s  s e c t i o n  f o r  near-surface d isposal  
o f  r a d i o a c t i v e  waste are d i r e c t e d  a t  f o u r  key aspects t h a t  are d i r e c t l y  r e l a t e d  
t o  assur ing t h e  o v e r a l l  performance o b j e c t i v e s  f o r  m i g r a t i o n  and long-term 
maintenance a re  met. These are: 

1. 	 El im ina te  t o  the  e x t e n t  p r a c t i c a b l e ,  t h e  con tac t  o f  water w i t h  waste 
bo th  d u r i n g  operat ions and a f t e r  c losu re  t o  reduce t h e  p o t e n t i a l  f o r  
m i  g r a t i  on. 

2. 	 Assure long-term s t a b i l i t y  o f  t h e  s i t e  and f a c i l i t y  t o  e l i m i n a t e  t h e  
need f o r  constant  care and maintenance over the  l o n g  term w i t h  
at tendant  u n c e r t a i n  h i g h  costs  and long-term commitment o f  s o c i a l  
resources ; 

3. 	 Assure a c o n t i n u a t i o n  o f  s t a t e - o f - t h e - a r t  procedures, understandings 
and techniques f o r  t he  s i t i n g ,  design and opera t i on  o f  near-surface 
d i  sposal f a c i  1it i e s  whi le main ta in ing  f 1e x i  b i  1i t y  t o  accommodate new 
advances i n  technology and understandings and t o  address spec ia l  
waste d isposal  problems. 

4. 	 Improve conf idence i n  t h e  p r e d i c t a b i l i t y  o f  t h e  'long-term performance 
c a p a b i l i t y  o f  t h e  f a c i l i t y .  

S t a b i l i t y  o f  t h e  LLW disposal  f a c i l i t y  may be the  s i n g l e  most impor tant  aspect 
and i s  r e l a t e d  d i r e c t l y  t o  t he  achievement o f  t h e  performance ob jec t i ves .  
Continued assurance o f  p r s t e c t i o n  o f  t h e  p o p u l a t i o n  f r o m  m i g r a t i o n  o f  rad io ­
a c t i v i t y  from a d isposal  s i t e  should not have t o  r e l y  on t h e  i n d e f i n i t e  
implementat ion o f  maintenance programs p e r i o d i c a l l y  o r  c o n t i n u a l l y  t o  ensure 
t h e  cont inued i n t e g r i t y  o f  t h e  s i t e .  NRC b e l i e v e s  t h a t  such i n s t a b i l i t y  w i l l  
l e a d  t o  s i t u a t i o n s  where i n d e f i n i t e  costs  and resources w i l l  need t o  be a p p l i e d  
f o r  such maintenance programs i n  t h e  fu ture.  I n  general ,  t h e  cos ts  f o r  d isposal  
should be p a i d  by those generat ing t h e  waste today and t h e  need f o r  a c t i v e  major 
maintenance should be e l i m i n a t e d  through proper s i t i n g ,  design, operat ions,  
and c losure.  Thus, NRC's requirements should p rov ide  t h a t  proper p reven t i ve  
measures a r e  taken today by those generat ing and d i spos ing  o f  t h e  waste, t o  
p r o v i d e  s t a b i l i t y  i n  an LLW disposal  f a c i l i t y  over t h e  l ong  term, e l i m i n a t e  
the  need f o r  a c t i v e  maintenance, and reduce p o t e n t i a l  costs  t o  f u t u r e  generat ions 

A second aspect, p r e d i c t a b i l i t y ,  r e l a t e s  t o  t h e  need t o  be able t o  adequately 
c h a r a c t e r i z e  and analyze t h e  var ious components o r  b a r r i e r s  o f  a d isposal  
system, and assess w i t h  a reasonable degree o f  assurance t h a t  they w i l l  operate 
e f f e c t i v e l y  over t h e  long term and w i l l  n o t  be sub jec t  t o  any major unp red ic tab le  
changes d u r i n g  the  t ime t h a t  they must remain e f f e c t i v e .  
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The predominant method used t o  date f o r  osal of LLW has been shal l  

b u r i  a1 . The natural characteri  s t ics of 

pr inc ipa l ly  r e l i e d  upon t o  provide conf  
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a r e  a lso important from the standpoint o f  m i  ra t ion s ince  t h e  ac t ions  o f  an 
int ruder  could d i s t u r b  the s i t e  surface,  inc easing the r a t e  o f  i n f i l t r a t i o n  
o f  r a i n f a l l  and t h u s  the  pot n t i  a7 f o r  migrati 017. Such 
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subsidence depressions which would serve t o  reduce the potential  
i n f i  1t r a t i o n .  The need f o r  adequate f j n a n c i a l  assurance i s  a lso  

f i n a n c i a ld e t a i l  i n  Chapter .O. ~ d ~ ~ ~ a t e  assurance w i l l  help en 
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s i t e  i s  p r o p e r l y  operated, c losed, s t a b i l i z e d  and cared f o r  d u r i n g  the  a c t i v e  
i n s t i t u t i o n a l  c o n t r o l  pe r iod .  Proper c losu re  and s t a b i l i z a t i o n  w i l l  h e l p  reduce 
t h e  need f o r  a c t i v e  maintenance over the  l o n g  t e r m  and reduce t h e  p o t e n t i a l  
f o r  m ig ra t i on .  An a c t i v e  i n s t i t u t i o n a l  c o n t r o l  program i n c l u d i n g  p r o v i s i o n s  
f o r  adequate funding are a c o d i f i c a t i o n  o f  e x i s t i n g  p r a c t i c e  and the  costs  have 
been inc luded  as p a r t  o f  those f o r  t h e  base case ana lys i s .  

5.5.1.2 S i t e  C h a r a c t e r i s t i c s  

To develop t h e  minimum s i t e  s u i t a b i l i t y  requirements, NRC has fo l l owed  t h e  
p r a c t i c e  o f  t i e r i n g ,  u t i l i z i n g  and r e l y i n g  on e x i s t i n g  i n f o r m a t i o n  and 
experience t o  p rov ide  a bas i s  f o r  t he  requirements. A g rea t  deal o f  experience 
has been gained over t h e  years rega rd ing  t h e  handl ing and d isposal  o f  rad io ­
a c t i v e  waste. Based on khat  experience and experience rega rd ing  n o n r a d i o a ~ t i v e  
s o l i d  and hazardous (chemical) waste d isposal  F a c i l i t i e s ,  a number o f  requ i re ­
ments and recommendations regard ing t h e  s i t i n g  o f  d isposal  f a c i l i t i e s  have been 
developed by t h e  USGS, EPA and others.  NRC has u t i l i z e d  these requirements 
and recommendations t o  develop minimum s i t e  s u i t a b i l i t y  requirements. These 
requirements were assumed i n  the  development of t h e  reference d isposal  f a c i l i t y  
descr ibed i n  Appendix E and t h e  cos ts  o f  a p p l i c a t i o n  o f  these c r i t e r i a  are 
r e f l e c t e d  i n  the  cos ts  o f  t he  reference f a c i l i t y .  (It i s  d i f f i c u l t  t o  
i n d i v i d u a l l y  q u a n t i f y  t he  impacts o f  t h e  s i t i n g  requirements s i  nce t h e  
performance o f  t he  f a c i l i t y  i s  so c l o s e l y  l i n k e d  t o  design and opera t i ons . )  
The pr imary emphasis g iven by the  NRC i n  developing these requirements was 
s e l e c t i o n  of s i t e s  w i t h  na tu ra l  c h a r a c t e r i s t i c s  which p rov ide  f o r  i s o l a t i o n  o f  
wastes, reduced con tac t  o f  water w i t h  wastes, long-term s i t e  s t a b i l i t y ,  and 
p r e d i c t a b i l i t y  o f  ?ong-term performance as opposed t o  shor t - term conveniences 
o r  b e n e f i t s  such as m in im iza t i on  of  t r a n s p o r t a t i o n  o r  l a n d  a c q u i s i t i o n  c o s t s .  

A wide range o f  s i t e s ,  ranging from t h e  humid eas t  t o  the  a r i d  w e s t ,  a re  
p o t e n t i a l l y  a v a i l a b l e  f o r  use i n  s i t i n g  a near-surface d isposal  f a c i l i t y .  
has s e t  o u t  what are b e l i e v e d  t o  be common sense s i t e  s u i t a b i l i t y  r e q u i r e  
t h a t  can be c o n s i s t e n t l y  a p p l i e d  throughout t h e  country .  The requirements 
would e l i m i n a t e  from cons ide ra t i on  l i m i t e d  areas i n  each r e g i o n  due t o  
undesi rab le c h a r a c t e r i s t i c s ,  l e a v i n g  l a r g e  areas i n  each r e g i o n  where accepta 
s i t e s  may be found. The requirements are in tended t o  e l i m i n a t e ,  t o  t h e  ex ten t  
p r a c t i c a b l e  g iven the  v a r i e t y  o f  s i t e s  a n t i c i p a t e d ,  c e r t a i n  c h a r a c t e r i s t i c s  
t h a t  a re  known t o  l e a d  t o  o r  have p o t e n t i a l  t o  l ead  t o  long-term problems. 
Each i s  b r i e f l y  addressed below and f u r t h e r  d e t a i l  i s  prov ided i n  Sect ion 2 of 
Appendix E. 

1. 	 Requirement: The s i t e  s h a l l  be capable o f  being character ized,  
modeled, analyzed and monitored. 

Analys is :  The hyd ro log i ca l  and geo log ica l  complex i ty  o f  t he  s i t e  i s  impor tant ,  

and i n f l u e n c e s  t h e  a b i l i t y  of t h e  a p p l i c a n t  t o  demonstrate t h a t  t he  p ~ r f o ~ m a ~ ~ ~  

o b j e c t i v e s  w i l l  be m e t ,  t o  determine and c h a r a c t e r i z e  approp r ia te  pathways, t o  

c o n s t r u c t  a phys i ca l  model o f  t he  s i t e ,  and t o  p r e d i c t  t h e  long-term perform­ 

ance c a p a b i l i t y  o f  t he  s i t e .  Simple subsurface media are p r e f e r r e d  f o r  d isposal  

s i t e s  so t h a t  rep resen ta t i ve  values f o r  i n p u t  parameters can be determined, a 




5-93 


workable model f o r  r e l i a b l e  t ranspor t  predict ions can be developed, and a 
representative monitorina network can be establ ished t o  help evaluate the 
continued performance capabi l i ty  of the s i t e  over time. 

2. 	 Requirement: The s i t e  disposal areas shal l  be generally well drained 
and f r e e  of areas of flooding o r  frequent ponding. Waste disposal 
shal l  not take place i n  a 100-year flood p l a i n ,  coastal high-hazard 
area,  o r  wetland. 

Analysis: Avoidance of s i a n i f i c a n t  surface water features  such as wetlands, 
swamps, and bogs a t  s i t e  drsposal areas wil l  reduce the potential  f o r  s i g n i f i ­
cant quant i t ies  of water being avai lable  t o  enter  disposal c e l l s  and t o  leach 
disposed waste. In addi t ion,  these areas frequently a r e  ground-water discharge 
areas and environmentally sens i t ive  areas which should be avoided. Executive 
Order 11988 requires avoidance of the 100-year flood plain (Ref. 14). Avoiding 
the flood p la in  and coastal  high hazard areas will  reduce the potential  f o r  
flooding and erosion of the disposal s i t e .  

3 .  	 Requirement: Upstream drainage areas m u s t  be minimized t o  decrease 
the amount of runoff which could erode o r  inundate the disposal c e l l s .  

Analysis: The amount of runoff from upstream drainage areas must be controlled 
through s i t e  select ion o r  diversion t o  prevent erosion or  inundation of disposal 
c e l l s .  Such controls  will  lengthen the l i f e  o f  covers constructed over the 
disposal c e l l s  and will  reduce the amount of water i n f i l t r a t i n g  in to  the  
wastes . 

4. 	 Requirement: The disposal s i t e  m u s t  provide s u f f i c i e n t  depth t o  the 
water t a b l e  s o  t h a t  ground-water in t rus ion ,  perennial o r  otherwise, 
i n t o  the waste will  n o t  occur. 

Analysis: Disposal of the waste above the water tab le  wil l  s ign i f icant ly  
reduce the amount of water i n  contact w i t h  the  wastes. Leachate wil l  be 
released t o  the water t a b l e  only when the s o i l  moisture content exceeds f i e l d  
capacity--typically during the wet season i n  humid regions and infrequently i n  
a r i d  regions. Engineering design and construction techniques can reduce 
percolation of prec ip i ta t ion  i n t o  disposal c e l l s .  Providing s u f f i c i e n t  depth 
t o  the water t a b l e  will  el iminate the inf lux o f  s i g n i f i c a n t  quant i t ies  o f  
water in to  disposal c e l l s  from below. Exceptions t o  t h i s  requirement can be 
considered when the s i t e ' s  hydrological and geological c h a r a c t e r i s t i c s  a re  
such t h a t  diffusion i s  the predominant means of radionuclide movement. 

5. 	 Requirement: The hydrogeologic uni t  used f o r  disposal m u s t  n o t  
discharge ground-water t o  the surface w i t h i n  the  disposal s i t e .  

Analysis: A long ground-water t ravel  distance between the disposal s i t e  and 
the nearest  point of discharge t o  surface water i s  desirable  t o  provide time 
f o r  radioactive decay of radionuclides being transported by the ground water. 
In addi t ion,  the longer t ravel  distance will  typ ica l ly  increase dispersion and 
retardat ion of the radionuclides by the subsurface media. Providing long 
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t r a v e l  d i s tance  t o  p o i n t s  o f  water discharge and use w i l l  reduce p o t e n t i a l  
impacts s ince t h e  amount o f  a c t i v i t y  reaching such l o c a t i o n s  w i l l  be reduced. 
Thus, i t  i s  n o t  d e s i r a b l e  t o  l o c a t e  a d isposal  f a c i l i t y  w i t h i n  c lose p r o x i m i t y  
(e.g., a few hundred meters) o f  a munic ipa l  d r i n k i n g  water w e l l  f i e l d  o r  t o  
l o c a t e  d isposal  c e l l s  w i t h i n  c lose  p r o x i m i t y  o f  a perennia l  steam. 

6. 	 Requirement: Areas must be avoided where t e c t o n i c  process such as 
f a u l t i n g ,  f o l d i n g ,  seismic a c t i v i t y ,  o r  vulcanism may occur w i t h  
such frequency and e x t e n t  t o  s i g n i f i c a n t l y  a f f e c t  t h e  a b i l i t y  o f  t he  
d isposal  s i t e  t o  meet t h e  performance o b j e c t i v e s  o r  may prec lude 
de fens ib le  modeling and p r e d i c t i o n  o f  long-term impacts. 

Analysis:  The avoidance o f  these t e c t o n i c  processes promotes t h e  s t a b i l i t y  o f  
t h e  d isposal  f a c i l i t y  and increases t h e  s i m p l i c i t y  o f  t h e  s i t e ,  enabl ing 
adequate c h a r a c t e r i z a t i o n ,  modeling, a n a l y s i s  and moni tor ing.  I n  a d d i t i o n ,  
t h e  avoidance o f  these processes reduces t h e  l i k e l i h o o d  o f  u n i d e n t i f i e d  pathways 
o f  t r a n s p o r t  o r  f a i l u r e  mechanisms f o r  d isposal  c e l l  covers. 

7. 	 Requirement. Areas must be avoided where sur face geologic  processes 
such as mass wast ing,  eros ion,  slumping, l a n d s l i d i n g ,  o r  weather ing 
occur w i t h  such frequency and e x t e n t  t o  s i g n i f i c a n t l y  a f f e c t  t h e  
a b i l i t y  o f  t h e  s i t e  t o  meet t h e  performance o b j e c t i v e s  o r  may prec lude 
de fens ib le  mode l l i ng  and p r e d i c t i o n  o f  long-term impacts. 

Analysis:  The r a t i o n a l e  behind avo id ing  s i g n i f i c a n t  sur face geologic  processes 
r e l a t e s  t o  t h e  d e s i r e  t o  avo id  a c t i v e  maintenance and exposure o f  t h e  wastes 
t o  these processes. I n  a d d i t i o n  these processes a re  t y p i c a l l y  associated w i t h  
s i g n i f i c a n t  topographic r e l i e f ,  t he  avoidance o f  which increases t h e  a b i l i t y  
t o  manage sur face water and prevent  erosion. With respect  t o  surface water 
management, a s l i g h t  t o  moderate s lope a ids  i n  the  r u n o f f  o f  sur face water and 
minimizes i n f i l t r a t i o n  i n t o  the  d isposal  u n i t .  However, i f  t h e  slope i s  t o o  
steep, then t h e  h ighe r  v e l o c i t i e s  associated w i t h  r u n o f f  water may produce 
accelerated e ros ion  o r  may necess i ta te  sur face r u n o f f  c o n t r o l  systems t h a t  
r e q u i r e  a c t i v e  maintenance. Safe c o n s t r u c t i o n  and maintenance o f  d isposal  
c e l l s  can a l s o  be d i f f i c u l t  on steep slopes. 

8. 	 Requirement: The d isposal  s i t e  must no t  be l o c a t e d  where t h e  opera t i on  
o f  nearby munic ipa l ,  government, commercial o r  o the r  f a c i l i t i e s  
cou ld  adverse ly  impact t he  a b i l i t y  o f  t h e  s i t e  t o  meet t h e  performance 
o b j e c t i v e s  o r  s i g n i f i c a n t l y  mask t h e  environmental mon i to r i ng  program. 

Analys is :  The r a t i o n a l e  behind t h i s  requirement i s  t o  avo id  t h e  p o t e n t i a l  
e f f e c t  o the r  f a c i l i t i e s  might  have on a near-surface d isposal  f a c i l i t y  through 
a l t e r i n g  n a t u r a l  ground-water f l o w  p a t t e r n s ,  changing t h e  n a t u r a l  mois ture 
con ten t  o f  t h e  s o i l s ,  mod i f y ing  t h e  i o n  exchange p r o p e r t i e s  o f  t h e  s o i l  and 
reducing t h e  a b i l i t y  t o  moni tor  t h e  performance o f  t h e  s i t e .  

5.5.1.3 Design and Operations 

The s p e c i f i c  t e c h n i c a l  requirements on t h e  design and opera t i on  o f  a near-surface 
d isposal  f a c i l i t y  are p r i n c i p a l l y  d i r e c t e d  a t  assur ing s t a b i l i t y  of  t he  d isposal  
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f a c i l i t y  over the long term; reducing, t o  the extent pract icable ,  the contact 
of water w i t h  the  waste; improving the a b i l i t y  t o  predict  the long-term 
performance capabi l i ty  of the disposal f a c i l i t y ;  and helping reduce o r  
el  imi nate the need f o r  ac t ive  long-term maintenance operations. 

1. 
 Requirement: In general ,  the  s i t e  design and o erat ion features  
should emphasize long-term fsolat ion of the waste, ra ther  than ease 
of construction and operation, as well as avoiding the need f o r  long-
term ac t ive  maintenance. S i t e  design and operation of the f a c i l i t y  
should a l so  be carr ied out i n  accordance with a plan f o r  f ina l  s i t e  
closure and s t a b i l i z a t i o n  and should be directed a t  complementing 
and improving the a b i l i t y  off the  natural s i t e  c h a r a c t e r i s t i c s  t o  
i s o l a t e  the radioactive wastes. S i t e  closure m u s t  be considered pr ior  
t o  disposal s i t e  l icensing rather  than as an afterthought.  A s i t e  
closure and s t a b i l i z a t i o n  plan which includes funding f o r  closure 
and long-term care m u s t  be provided as a par t  of the application. 
T h i s  plan will  be reviewed and updated per iodical ly  during the  l i f e  
of the  s i t e  and a f i n a l  plan must be reviewed and approved by NRC 
p r i o r  t o  Final closure. In addition, a f t e r  s i t e  c losure,  an observa­
t i o n  period i s  needed between the time t h a t  a disposal f a c i l i t y  i s  
closed and the time the l icense i s  t ransferred t o  the s i t e  owner. 
T h i s  i s  t o  carry out any f i n a l  ac t ive  maintenance t h a t  ay be required 
and t o  assure t h a t  the s i t e  i s  in a s t a b l e  condition su 
passive care ,  survei l lance and monitoring i s  require Active waste 
disposal operations shal l  not have an adverse e f f e c t  on completed 
closure and s t a b i l i z a t i o n  measures and appropriate closure and 
s t a b i l i z a t i o n  measures should be car r ied  out as each disposal c e l l  
(e. g. , each trench) i s  f i  1led and covered. Final l y ,  a buffer zone 
of land shal l  be maintained between any buried waste and the s i t e  
boundary. The buffer zone shal l  extend a t  l e a s t  100 f e e t  outward 
from the perimeter o f  the  waste disposal area.  

Analysis: One of the principal lessons learned from past  experience w i t h  LLW 
disposal i s  t h a t  insuf f ic ien t  a t ten t ion  has been given t o  the long-term aspects 
of waste disposal.  Short-term considerations such as ease of s i t i n g  o r  opera­
t i o n s  were occasionally given higher consideration than long-term aspects such 
as the amount of  long-term commitment, and expense required t o  maintain the s i t e  
i n  a safe  condition. Since the principal function of a disposal s i t e  i s  t o  
sa fe ly  contain disposed waste over the long term i n  a manner t h a t  does n o t  
require extensive social  commitment ( e . g . ,  periodic expensive major s i t e  rework), 
then i t  i s  axiomatic t h a t  t h i s  principal function be given major consideration 
a l l  throughout the l i f e  o f  the s i t e - - t h a t  i s ,  from the time the disposal s i t e  
i s  licensed through the time t h a t  i t  i s  operated t o  the  time t h a t  i t  i s  f i n a l l y  
closed. As has been previously discussed, the f ina l  condition o f  the disposal 
f a c i l i t y  should not require extensive maintenance--including extensive repairs  
of trench slumping or  subsidence, o r  continued pumping and processing o f  the 
trench leachate--to maintain the s i t e  i n  a sa fe  condition. 

Therefore, any appl icat ion f o r  a near-surface disposal f a c i l i t y  should contain 
a s i t e  closure plan which describes how the applicant w i l l  operate and prepare 
the s i t e  f o r  closure and eventual t r a n s f e r  t o  the s i t e  owner ( i o e s 3the s t a t e  
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o r  f ede ra l  government). Such a p l a n  would have t o  be approved be fo re  a 
d isposal  l i c e n s e  would be granted. Arrangements t o  assure t h a t  s u f f i c i e n t  
funds a r e  a v a i l a b l e  f o r  c losu re  and long-term care would need t o  be p rov ided  
as p a r t  o f  t h e  p lan.  

Dur ing t h e  opera t i ona l  l i f e  o f  a d isposal  s i t e ,  a d d i t i o n a l  data w i l l  be obta ined 
regard ing t h e  expected long-term performance o f  t h e  s i t e .  The s i t e  c losu re  
p l a n  should t h e r e f o r e  be reviewed on a p e r i o d i c  bas i s  and mod i f i ed  as requ i red  
t o  b e t t e r  assure t h a t  t h e  o v e r a l l  performance o b j e c t i v e s  f o r  near-surface 
waste d isposal  a re  met. Such p e r i o d i c  reviews should i nc lude  a review o f  t h e  
funding arrangements and would most convenient ly  occur as p a r t  o f  renewals o f  
t h e  opera t i ng  l i cense .  A f i n a l  s i t e  c losu re  p l a n  should be reviewed and 
approved p r i o r  t o  f i n a l  c losu re  o f  t h e  d isposal  s i t e .  

NRC s t a f f  b e l i e v e s  t h a t  a s i t e  c losu re  p l a n  which i s  i nc luded  w i t h  the  app l i ca ­
t i o n  f o r  a dispos.al s i t e  and p e r i o d i c a l l y  reviewed and updated d u r i n g  d isposal  
s i t e  ope ra t i on  i s  e s s e n t i a l  f o r  assurance o f  long-term p u b l i c  h e a l t h  and 
sa fe ty .  NRC s t a f f  be l i eves  t h a t  t h e  a l t e r n a t i v e  o f  a s p e c i f i c  s i t e  p l a n - - t h a t  
i s ,  n o t  r e q u i r i n g  one and a l l o w i n g  s i t e  c losu re  t o  be addressed when a p a r t i c u l a r  
s i t e  i s  f i l l e d  t o  c a p a c i t y - - i s  c l e a r l y  unacceptable. Such an a l t e r n a t i v e  
would i gno re  t h e  lessons o f  p a s t  experience w i t h  LLW disposal .  

S i t e  c losu re  o f  e x i s t i n g  f a c i l i t i e s  has been addressed by NRC. On May 17, 
1979, NRC issued a Low Level Waste L i cens ing  Branch Technical  P o s i t i o n  e n t i t l e d  
"Low-Level Waste B u r i a l  Ground S i t e  Closure and S t a b i l i z a t i o n . "  The o b j e c t i v e s  
o f  t h i s  Branch Technical  P o s i t i o n  have been inco rpo ra ted  i n t o  e x i s t i n g  NRC and 
Agreement S ta te  d isposal  l i censes .  The s p e c i f i c  requirements o f  t h i s  Branch 
Technical P o s i t i o n  are s e t  o u t  i n  Appendix I. 

I n  t h i s  Branch Technical  P o s i t i o n ,  NRC s t a f f  a l s o  expressed i t s  i n t e n t  t o  
r e q u i r e  a s i t e  c l o s u r e  p l a n  as p a r t  o f  any new d isposal  s i t e  l i censes  (which 
would c u r r e n t l y  be l i censed  under Par t s  20, 30, 40, and 70 o f  t h e  Commission's 
r e g u l a t i o n s )  and t o  assess the  p l a n  aga ins t  the 16 o b j e c t i v e s  i n  t h e  Branch 
Technical Pos i t i on .  

The reference f a c i l i t y  descr ibed i n  Appendix E assumes a p p l i c a t i o n  of  t h e  
Branch Technical  P o s i t i o n  and t h e  cos ts  and impacts o f  development and imple­
mentat ion o f  t h e  p l a n  have been inc luded  i n  t h e  analyses. The costs  f o r  
development and p e r i o d i c  updates o f  t he  p l a n  have been est imated t o  be i n  t h e  
range o f  $600,000, o r  about $0.60 p e r  m3 o f  waste ($.0Z/ f t3) .  The costs  f o r  
development o f  a s i t e  c losu re  and s t a b i l i z a t i o n  p l a n  f o r  t h e  va r ious  a l t e r n a t i v e s  
considered i n  t h i s  E I S  does n o t  change. The c o s t  f o r  implementation, however, 
can vary depending upon s p e c i f i c  design and opera t i ona l  p r a c t i c e s  and long-term 
s i t e  s t a b i l i t y .  For example, Cases 1-3 i n  Sect ion 5.2 assume, c o n s i s t e n t  w i t h  
pas t  p r a c t i c e s  a t  most s i t e s ,  t h a t  no spec ia l  e f f o r t s  were made t o  ensure 
long-term s i t e  s t a b i l i t y .  Thus, t h e  costs  and impacts f o r  implementat ion o f  
t h e  p l a n  f o r  t h e  base case f a c i l i t y  w e r e  high. This  served t o  p rov ide  a base 
case of what cou ld  be expected i f  pas t  p r a c t i c e s  were cont inued and aga ins t  
which improvements t o  ensure long-term s t a b i l i t y  can be analyzed and compared. 
The r e s t  o f  t h e  20 cases considered i n  Sect ion 5.2 considered a l t e r n a t i v e  
methods by which such improvements may be made. 
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rnative to requiring a site closure and stabilization plan is 
ne. Given the past experience a t  several o f  the existing sites 

icensees are ~ ~ p ~ e m e n t ~ n ~the NRC Branch Technical 
er this alternative viable. Other alternatives 

s" nve l  ve i ncreasing si5 on site closure and sta ilization and requiring 
d i t i o n a l  actions to those already set o u t  in the ranch Technical Position. 

are reflected in the further s ic requi rements diseussedamy such ~ ~ a n ~ ~ s  

: Prior to any 1a"cense application, the applicant shall 
rational envi~ o n m e ~ t a ~monitoring program to provide
tal data on site characteristics. The applicant
o r ~ ~ ~ i o n  climate,about the ecology, ~ e t e o r o ~ ~ ~ y ,  
gy, and seismicity of the site. For those character­

i s t i c s  that are  subject to seasonal variation, data shall cover a t  
least one f u l l  year. 

~ ~ nd operation, t he  licenseeysa^ ~ ~ c o n s t ~ ~ c t ~ o ~  ~ ~ t 
easurements and observations 

e data to evaluate the potential
~ n ~ @ n t a ~impacts during construction and operation 

v a ~ ~ a t ~ ~ n-term effects and the possible need
o f  Ion 

fter the site is closed, the licensee responsible f o r  postoperational
of the site shall maintain a monitoring system based on 
history and the closure and stabilization o f  the site.-rhe ~ ~ n ~ ~ o r a " ~ g 
system shall be capable o f  detecting migration o f  

radionucl i d e s  f r o m  the site. 

se ~ ~ ~ ~ ~ r e ~ e n t ~involve a codification o f  existing practice relating to 
ar-surface disposal facility. The environmental 
e 3 principal phases: a preoperational monitor-

out p r i o r  t s  ~ ~ i ~ ~ a t i ~ ~of operations to provide base­
n s t  which the changes in data due to operations o f  
; an o ~ e ~ ~ ~ ~ o n a ~phase during Which the a"mpaCtSQf 

ed;  and a ~ o s t ~ p e r a ~ ~ o n a lhase where the long-term
tinually assessed. The costs and impacts of 

t ~ r i n gprogram a r e  included as a part o f  the 
ppendix E and are representative of the types 

~ r o ~ r ~ m ~that would be expecte a t  future sites. 

o 	very briefly examined some alternatives and costs o f  improving environ­
i t o r i n g  ~ ~ Two p'sfncipal ar as examineda7:n which environmental .~ ~ ~ ~ ~

ciln be i ~ p r o ~ e ~ 
compared t o  the re erence f a c i  1 ity are: (1) increasing 

1 reliability o f  ~ r o ~ n d - w ~ ~ e rand surface runoff moni to r ing ,  and (2)
articu?ate moni toring. A moni torin system is intended to provide 
n on the p o t e ~ t ~ a ~  of radi nuclides away from active disposalm ~ v e m e n ~  


~ ~ e ~ ~
as, ~ ~ m trenches, and othere areas where radioactive materials 




~ ~~~~~~~

~ ~~~

5- 9 


suppl ies information 
c t i o n  of ground water 

T h e  system should 
~~~~~~~~~~ be designed w i t h  confidence. 
~ ~ n ~ ~ d e n c ei n  t h e  monitoring system i s  afforded when  i t  can be demonstrated 

~ ~analy t i~ : :a I lyt h a t  no s i g n i f i c a n t  c o can leave t hs  s i t e  without being ~ 
aeteeted.  

~ ~~ system ~analyzed y -NRC includes~ a t o t a l  e rThe implioveci ~ ~ ~~ ~ o n ~ ~ o r ~ n ~  ~ ~ 
~f 23 perfmeter wells along t he  ~ e s t r . i c t e darea Fence (as compared t o  10 f a r  
t h e  reference facility). Each of t hese  perimeter wells extend several f e e t  

de t h  o fi n t o  the  	saturated 2one ~ m ~ ~ i ~ u m  19 m). Th perimeter we1 7 s a r e  
uar te r ly ,  as opposed t o  se iannually as i n  the reference f a c i l i t y .  
r o f  monitoring wells w i t h i n  t he  trench areas  i s  ra i sed  from 15 t o  

3 0 ,  and these wells are a l s o  sampled on a ~ ~ ~ r t e r l ybasis.  The locations of 
insse bit?.; 1s atre se lec te  based OM an anal sis o f  s i t e  ~ ~ ~ r ~ g e ~ ~ o g ~ c a ~charac­
teristics" 


If- t h e  't"e-~pei-ectcef'aci 1i t y  monitoring system, surface r u n o f f  i s  not rou t ine ly  
rnon-itored. The improved monitoring system employs a f l o w  act ivated automatic 

0ni tor . i  ng system use i n  conjunction w i t h  a discharge channel located 
orner o f  the  s i t e .  l ow composfte samples a re  col lected monthly and 

SEiiE %O ti!? Ofi"Si%$2 l abo r  dischemica; analysa's. l h i §  
s y s t e m  i s  o ~ @ ~ a t e ~  the 20-year operational periodur ing  

The f i n a l  c ~ ~ ~ o n e n ~  ~of t he  improved ~ o system i s~ an expansion of ~ a 
ai rberne p a r t i  cu ing. The three- irborne p a r t i  cul a t e  
a:.:nitori a9.g s y s t e  d t o  inc lude  ten i a i r  sampling u n i t s ,  
w h i c h  are  s i t u a t  s loca t ions  w i t h  t h e  r e s t r i c t e d  area.  The 

e potent ia l  f o r  airborne 
Sate f i l t e r  samples are 

CG3'ert.ed o r  2 da1l:1y level  and analyzed for g r o  =-gamma contamination. 
from each sample are  d t o  be sen t  o f f s i t e  t os ~ ~ p l ~ s  

ore  de t a i l ed  analysjs such as a spectrum anal ys i s . 

@nefj$ o f  the  iRl roved monitoring system would  e a g rea t e r  level of 
- *  ~ c ~c3r-t :d e ~ s-i5 sval uatl; ng the  ~ e ~ ~o f  ~t h e  rs i t e .  ~T h e  nestimated d i f f e r ­

e;It-!a'r c o s t  f o r  t h e  improved monitoring system i s  a b o u t  $1.90/m3 ($0.05/ft3) 

Sevzral sf t h e  ~-inim-raurnwaste form and packa uiremernts s e t  o u t  i n  
e t i sn  5 .5 .2  of Chapter 6 r e l a t i n g  to pack and f r e e  l i qu id  a l so  help t o  

. EFn .j r,7 ;-I , L*.- ""P1 2 1 :  i -, ,a ;;-72 3 e,,ent i  a1 for mi g r a t i  on­

i:~ 2equ'reTient: b i  wastes, 3r wastes  c o n t a % ' n i n gl iqu id  sha l l  be 
cocverrT.ed in-to a form tt?t.conta ins  as little f r e e  standing non­
corrosive ?;quid as i s  reasonably achievable. I n  no case sha l l  the  
liquid exceed I% of  t h e  volume of t h e  waste. 
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Analysi  s: L i q u i d  r a d i  o a c t i  ve waste and the  presence o f  f r e e  s tand i  ng 1iqui  d 
i n  r a d i o a c t i v e  waste shipments presents  a number o f  p o s s i b l e  h e a l t h  and s a f e t y  
problems, bo th  over t h e  s h o r t  and long  term. These problems a r e  a l s o  aggravated 
by the  c o r r o s i v e  nature o f  some of  t h e  l i q u i d s .  Except f o r  t h e  d isposal  o f  
l i q u i d  s c i n t i l l a t i o n  v i a l s ,  l i c e n s e  cond i t i ons  a t  e x i s t i n g  opera t i ng  d isposal  
f a c i l i t i e s  do n o t  a l l o w  d i r e c t  d isposal  o f  l i q u i d  waste. 

The presence o f  f r e e  s tanding l i q u i d s  i n  waste packages can cause a decrease i n  
t r a n s p o r t a t i o n  s a f e t y  by i nc reas ing  the  p o t e n t i a l  f o r  t h e  spread o f  contaminat ion 
w i t h i n  waste t r a n s p o r t a t i o n  veh ic les  and by i nc reas ing  p o t e n t i a l  exposures t o  t h e  
p o p u l a t i o n  along the  r o u t e  o f  t h e  waste shipment as w e l l  as t o  d isposal  v e h i c l e  
d r i v e r s .  A c o r r o s i v e  f r e e  s tanding l i q u i d  serves t o  acce le ra te  the  p o t e n t i a l  f o r  
leakage, and may a l s o  present  nonradioact ive h e a l t h  hazards. (Present DOT regu­
l a t i o n s  i n  49 CFR 173.24 and NRC r e g u l a t i o n s  i n  10 CFR 71.31 bo th  r e q u i r e  t h a t  
m a t e r i a l s  should be packaged so t h a t  t he re  i s  no s i g n i f i c a n t  chemical o r  ga l van ic  
r e a c t i o n  between t h e  contents and any component o f  t h e  packaging). 

Problems associated w i t h  f r e e  s tanding l i q u i d s  increase once t h e  waste packages 
a r r i v e  a t  a d isposal  f a c i l i t y .  Operations a t  d isposal  f a c i l i t i e s  i n v o l v e  t ime 
spent near o r  i n  con tac t  w i t h  waste packages. Leaking waste packages can cause 
increased contaminat ion o f  and exposures t o  s i t e  personnel ,  as w e l l  as contamin­
a t i o n  o f  s i t e  grounds and equipment. Contaminated s i t e  grounds and equipment 
must be decontaminated t o  ma in ta in  safe working cond i t i ons  causing p o t e n t i a l  
a d d i t i o n a l  exposure and contaminat ion of s i t e  personnel. A c o r r o s i v e  l eak ing  
l i q u i d  creates an a d d i t i o n a l  non rad io log i ca l  hazard d u r i n g  waste hand l i ng  and 
decontamination operat ions,  and can p o s s i b l y  damage s i t e  equipment. Contamin­
a t i o n  o f  t h e  s i t e  sur face and equipment can a l s o  l e a d  t o  increased o f f s i t e  
releases through t h e  a c t i o n s  of  wind and water. Besides increased p o p u l a t i o n  
exposures, such opera t i ona l  re leases e f f e c t  environmental mon i to r i ng  programs. 

A f t e r  d isposal ,  f r e e  s tanding l i q u i d  i n  waste packages can p o t e n t i a l l y  increase 
t h e  m i g r a t i o n  o f  r a d i  onucl ides in t h a t  1iqu i  d would be immediately avai  1ab1e 
f o r  m ig ra t i on .  Corros ive f r e e  s tanding l i q u i d s  can cause accelerated c o r r o s i o n  
o f  ad jacent  waste con ta ine rs  and subsequent accelerated l each ing  o f  t he  package 
contents.  Evidence a l s o  i n d i c a t e s  t h a t  t h e  i o n  exchange c a p a b i l i t i e s  o f  a s i t e  
f o r  c e r t a i n  rad ionuc l i des  may be impeded by very a c i d i c  and c a u s t i c  cond i t i ons  
(Ref .  15). 

I n  view o f  t h i s ,  NRC does n o t  consider the  a l t e r n a t i v e  o f  a l l o w i n g  the  u n r e s t r i c t e d  
d isposal  o f  l i q u i d  r a d i o n u c l i d e  waste, t he  "no act ion ' '  a l t e r n a t i v e ,  t o  be 
acceptable. Rather, NRC has examined t o  t h e  e x t e n t  i t  can be, g i ven  c u r r e n t  
understanding and c a p a b i l i t y ,  t h e  establ ishment o f  a s p e c i f i c  requirement f o r  
f r e e  l i q u i d .  

One a l t e r n a t i v e  f o r  establ ishment o f  a f r e e  s tanding water requirement would 
be t o  s e t  o u t  a l lowable l e v e l s  o f  f r e e  s tanding l i q u i d  as a f u n c t i o n  o f  poten­
t i a l  r a d i a t i o n  hazard, based upon t r a n s p o r t a t i o n ,  storage, handl ing,  and d isposal  
cons iderat ions.  This  would, however, be a p o t e n t i a l l y  over ly-compl icated 
requirement, and would be d i f f i c u l t  t o  regu la te .  
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A similar situation could occur if a free standing liquid requirement was 
established based upon disposal considerations. The potential additional 
impacts of migration of free standing liquids contained in disposed waste are 
n o t  only radionuclide-specific but site-specific as well. 

C staff believes that the most workable criteria would be one designed to 

eliminate to the extent practicable the presence of freestanding liquids,

rrsjdering existing capabilities. This approach is consistent with current 

C licensing positions regarding radioactive waste solidification systems in 

reactors as well as with license conditions at existing disposal facilities. 

At existing disposal facilities, disposal license conditions have used a basic 
percent volume limitation in addition to a total content limitation to account 
for larger waste containers. Some of these license conditions state that waste 
packages delivered t o  disposal facilities should contain no free standing liquid. 
o free standing liquid i s  then defined as being in trace quantities: not more 
than 0.5% or one ga l lon  per container, whichever is less, Other site license 
conditions define no free standing liquid as constituting n o t  more than I% of 
the contaa’nervolume. All the license conditions essentially state that the 
intent is t o  reduce or eliminate, to the extent practicable, the presence of 
free standing liquid, but allow for trace quantities in recognition of current 

ity to remove and detect free standing liquid and the possible presence of 
ensate liquid. 


nts filed on the preliminary draft of Part 61 pointed out that a 0.5% and 
Ion ~ ~ ~ u ~ r ~ m e n tcould result in large cost increases in the disposal of 
in wastes and could potentially eliminate the use o f  certain options in 
ng the waste stability requirement. NRC does not believe the overall 
rence between 0.5% and % i s  large?. For 55-gallon drums, which constitute 

O S ~waste packages, a 1.0% limit would correspond t o  a free standing l i q u i d  
content o f  about two quarts. For large containers such as a 170 ft3 liner, a 
1.0% limit volume would correspond t o  a free standing liquzd content of about 
10 gallons. 

fter more experience is gained in development of procedures to detect and 
eliminate free standing liquid, a more restrictive definition of  free standing
liquid could e imposed. All of the sites also require that free liquids be 
noncorrosive. Noncorrosive means having a pH between 4 and 10. 

No cost analysis has been prepared for this requirement since it reflects ~ 

exist-ing practice and is reflected in the costs and impacts of the base case. 

5.5.2 Codification of New Requirements 


5.5.2.1 Institutional Control Requirements 


1. 	 Requirement: For purposes of calculation, active institutional 
controls shall not be relied upon for more than 100 years. 

Analysis: Although this is a new requirement, the analysis for this requirement 

was carried out in detail in Chapter 4 of this EIS regarding limiting potential 
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exposures t o  an i nadver ten t  i n t r u d e r .  The reader  i s  referred t o  Ch 

f u r t h e r  d e t a i l s .  The 100-year t ime p e r i o d  was incorpora te  i n t o  t he  ~ r ~ ~ ~ d - w a ~ e ~  


~analyses i n  e a r l i e r  sect ions.  That i s ,  a f t e r  t h e  end o f  t e ~ ~ inst-itu- - ~


t i o n a l  c o n t r o l  per iod ,  t h e  p e r c o l a t i o n  o f  water i n t o  waste disposal c e l l s  

conserva t i ve l y  assumed t o  increase due t o  p o t e n t i a l  jntrusion by humians, d 

roo ted  p l a n t s  o r  burrowing animals, o r  o the r  f a c t o r s .  


2. Requirement: A f t e r  s i t e  c losure,  an o b s e r ~ ~ . t i s ~ ~per i c  
5 years i s  needed between t h e  t ime t h a t  a disposal fac  
and t h e  t ime t h e  l i c e n s e  i s  t r a n f e r r e d  t o  t h e  s i t e  3wner tc a r r y  
o u t  any f i n a l  maintenance requ i red  and to assure t h a t  t h e  s i t e  -is i n  
a s t a b l e  c o n d i t i o n  such t h a t  on l y  pass ive care,  ~~~~~.~~~~~~~~and 
mon i to r i ng  i s  requ i red .  

Analysis:  To he lp  ensure t h a t  s i t e  s t a b i l i t y  has indeed 

s t a f f  w i l l  r e q u i r e  t h a t  a p e r i o d  o f  t ime (up t o  severa l  a r s )  en5ue a f t e r  

c losu re  and be fore  a disposal  f a c i l i t y  o p e r a t o r ' s  l i c e n s  i s  t r a n s f e r r e d  t o  

t h e  cus tod ia l  agency. Dur ing  t h i s  per iod ,  t h e  l i censee  wou ld  s t i l l  be 

respons ib le  f o r  t h e  care o f  t h e  s i t e  and would be r e s  awsible f o r  a l l  s i t e  

mai ntenance and environmental moni t o r i  ng a c t i  v i  t i  es. n s i b r " 1 i t y  would 

be mainta ined by t h e  l i censee  u n t i l  t h e  l i cense  i s  t r a  


Requ i r ing  such an observa t ion  p e r i o d  o f  severa l  years et^^^^ s j t e  clssure 

l i c e n s e  t r a n s f e r  has a number o f  advantages. An o ~ s e r v ~ ~ i o ~  

l i censee would he lp  reduce p o t e n t i a l  long-term m ig ra t i ona l  i m  

long-term cos ts  t o  t h e  s i t e  owner. Based on p a s t  exp rience a t  humjd s;tes, 

subsidence problems would be expected t o  be observed (if 8; ey a-w gc ing  to occur^ 

w i t h i n  a few t o  7 t o  10 years.  If  subsidence problems do ceur ,  the  1icensee 

should take  proper  maintenance ac t i ons  i n c l u d i n g  ayment o f  C O S t S  f.r S d C h 
-a c t i v i t i e s  r a t h e r  than t h e  s t a t e  o r  federa l  lando ner. she need f o r  a.nd e x ~ e ~ ~".o f  such maintena-nce would be we71 documented a t  s i t e  C~UOSUT' I  s:"%s t > ~: ~ ~ ~ ~ 
would have had 20-30 years of  p a s t  opera t iona l  data and e x ~ re e ~ ~ ~ ~ ~ 
t h e  behavior  o f  t h e  d isposal  c e l l s .  P o t e n t i a l  long-term s u b s i  
cou ld  then be an t i c ipa ted ,  i d e n t i f i e d ,  and co r rec ted  d u r i n g  t h  
p e r i o d  such t h a t  t h e  s i t e  would be i n  a s t a b l e  c o n d i t i c n  a t  license t ~ a n s f e r  
and r e q u i r e  on l y  pass ive care,  s u r v e i l l a n c e  and m o n i t o r i n  

Dur ing  t h i s  observa t ion  and maintenance per iod ,  t h e  'licensee would DCJ longer  
be r e c e i v i n g  income from r e c e i p t  o f  waste f o r  d isposal .  The licensee woul 
expected t o  t r y  t o  reduce maintenance cos ts  du r ing  "Le o ~ s @ ~ v ~ , t ~ ~ ~p e r i o d  
o f  t h e i r  unce r ta in  na ture  and would t r y  t o  ensure t h a t  t e s i t e  has been 
s t a b i l i z e d  as much as poss ib le  w h i l e  t h e  s i t e  i s  be ing  o erated.  Thus, t h e  
requirement o f  an observa t ion  and maintenance p e r i o d  w i l l  a l s o  s e w e  t o  place 
an i n c e n t i v e  on t h e  l i censee t o  achieve as s t a b l e  a s i t e  as p o s s i  
operat ions.  As s t a t e d  above, t h i s  reduces t h e  r i s k  of ~ o ~ ~ - ~ @ ~ ~ 
borne by  t h e  s i t e  owner. 

Requ i r ing  an observa t ion  p e r i o d  between t h e  t ime t h e  s i t e  i s  c losed and -the 
t ime t h e  d isposal  l i c e n s e  i s  t r a n s f e r r e d  i s  s i m i l a r  t o  t h e  i n t e n t  o f  regula­

a ~t i o n s  promulgated i n  May 1980 by EPA f o r  d isposal  of  ~ ~ ~ waste.  r As par t  o ~ ~ 
o f  40 CFR 265.117 ( "Postc losure care and use o f  p r o p e r t  er i sd  a$ EaV2" ' )  9 
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EPA requires t h a t  the operator of a hazardous waste disposal f a c i l i t y  maintain 
a closed f a c i l i t y  f o r  30 years p r i o r  t o  l icense termination (See Appendix N). 
In the EPA case,  however, there  i s  no provision f o r  ownership by the s t a t e  o r  
federal government. In addi t ion,  a l icensee may p e t i t i o n  the EPA t o  reduce 
the postclosure time or  the EPA may require t h a t  the observation period be 
extended. An in te res ted  person may a l so  p e t i t i o n  EPA t o  extend the observation 
period. In any case,  the i n t e n t  i s  the same--to require the l icensee t o  ensure 
t h a t  t h e  disposal f a c i l i t y  i s  operated properly p r i o r  t o  c losure,  o r  r u n  the  
risk o f  elevated maintenance cos ts  a f t e r  closure.  

A disadvantage t o  the requirement of a postclosure observation period as compared 
t o  the a l t e r n a t i v e  of not requiring one i s  t h a t  i t  would increase cos ts  t o  the 
l icensee and s o  increase the costs  of disposal.  This disadvantage, however, 
i l l u s t r a t e d  by considering the no act ion al ternat ive-- that  i s ,  n o t  requiring a 
postclosure observation period--could actual ly  r e s u l t  i n  equal or  s l i g h t l y  
increased cos ts  due t o  the long-term and uncertain nature of such costs .  

As s t a t e d  e a r l i e r ,  most o f  the potential  subsidence problems t h a t  have occurred 
a t  ex is t ing  s i t e s  have occurred w i t h i n  5 t o  10 years of waste disposal.  There­
f o r e ,  i f  an observation period were n o t  required, then the s i t e  owner could 
poten t ia l ly  be faced w i t h  expenses f o r  carrying o u t  s u c h  maintenance a c t i v i t i e s  
soon a f t e r  s i t e  closure.  The s i t e  owner, through the required f inancial  
assurances, could possibly allow f o r  these potential  expenses by increasing 
the amount of funds s e t  as ide f o r  i n s t i t u t i o n a l  control a c t i v i t i e s ,  thereby 
increasing the cos ts  f o r  disposal.  Thus, disposal costs  could increase 
whether o r  not an observation period i s  required. Final ly ,  n o t  requiring a 
postclosure observation period would tend t o  increase the  r isk o f  higher 
long-term i n s t i t u t i o n a l  control costs  t o  a s i t e  owner. In addi t ion,  a l icensee 
might have l e s s  of an incentive t o  make sure t h a t  disposal was accomplished 
i n  a manner t h a t  assures a s t a b l e  s i t e  over the lon 

A number of a l te rna t ives  can be considered regarding the length o f  such an 
observation period: 

1. Specify a fixed length o f  time followed by l icense t r a n s f e r ;  

2. 	 Specify no fixed length of time, b u t  t r e a t  each spec i f ic  f a c i l i t y  
on a case-by-case bas i s ;  and 

3 .  	 Specify a minimum length of time, b u t  t r e a t  the need t o  poten t ia l ly  
extend the observation period on a case-by-case basis.  

NRC s t a f f  has selected the t h i r d  a l t e r n a t i v e  as preferable.  A fixed minimum 
period of time i s  needed; otherwise, one of the a t t r i b u t e s  of the observation 
period--that of providing an incentive t o  assuring s i t e  s t a b i l i t y  as  p a r t  of 
s i t e  operations--is l o s t .  A l icensee could poten t ia l ly  cut corners on s i t e  
des ign  and operations directed a t  assuring long-term s t a b i l i t y ,  and then p e t i t i o n  
NRC t o  terminate the  l icense soon a f t e r  s i t e  closure.  In addi t ion,  NRG s t a f f  
does n o t  believe t h a t  i t  would be wise t o  terminate a l icense a f t e r  a fixed 
period of time following s i t e  closure without consideration of s i t e - s p e c i f i c  
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conditions. Additional time may be required a t  some s i t e s  t o  assure t h a t  
s t a b i l i t y  has been achieved. 

Based upon past experience, NRC s t a f f  believes t h a t  an observation period of 
a t  l e a s t  5 years would be appropriate. A disposal s i t e  i s  expected t o  be operated 
f o r  20 t o  30 years ,  and coupled w i t h  a 5-year observation period, would provide 
25 t o  35 years of experience a t  the s i t e  t o  judge long-term s i t e  s t a b i l i t y .  
I f  major subsidence problems had been experienced i n  e a r l i e r  disposal c e l l s  
during the operating l i f e  of the s i t e  and a r e  expected t o  continue f o r  more 
recent disposal c e l l s ,  such problems wil l  probably be ident i f ied  w i t h i n  a 5­
t o  10-year period a f t e r  disposal.  A 5-year m i n i m u m  observation period would 
t h u s  allow the ident i f ica t ion  of any major subsidence problems, i f  they a re  t o  
occur, associated w i t h  the  l a s t  few years of waste disposal operations a t  the 
f a c i l i t y .  I f  additional time i s  required f o r  t h i s  maintenance, i t  can be 
provided. 

The cos t  f o r  implementing t h i s  requirement may be approximated by f i r s t  estimating 
the annual costs t o  the disposal f a c i l i t y  operator t o  maintain the s i t e  a f t e r  
i t  i s  closed, and then estimating the resu l t ing  costs  t o  disposal f a c i l i t y  customers, 
assuming t h a t  the observation period cos ts  a re  passed o n t o  the disposal f a c i l i t y  
customer during the f a c i l i t y ' s  operating l i fe t ime.  Annual costs  t o  the disposal 
f a c i l i t y  operator a re  estimated ( i n  1980 dol la rs )  a t  three l e v e l s ,  corresponding 
t o  three  levels  of  s i t e  maintenance required. These three levels  are:  

high: $263,00O/yr 
moderate: $184,00O/yr 
1ow: $91 ,000/yr 

The cos ts  a re  derived based upon the estimated annual ( i n  1980 dol a r s )  long-term 
care  costs  t o  the s i t e  owner presented i n  Appendix Q. However, no contingency i s  
included in the high level of maintenance t o  account f o r  possible ccurrences such 
as extensive leachate pumping and treatment. The costs  a r e  then inf la ted  t o  the 
s t a r t  of the observation period assuming an i n f l a t i o n  r a t e  averaging about 9% per 
year. To assure the a v a i l a b i l i t y  of funds f o r  the observation period, the 
disposal f a c i l i t y  operator i s  assumed t o  place a surcharge ($/m3) on the  waste 
received a t  the s i t e .  Money t h u s  col lected i s  assumed t o  be placed i n t o  a fund 
o r  otherwise inves ted  a t  an average i n t e r e s t  r a t e  of 10% per year.  

The r e s u l t s  of t h i s  calculat ion a re  presented in Table 5.28 f o r  four a l t e r n a t i v e  
observation periods--no observation period, 5 years ,  1 0  years ,  and 30 years--and 
three levels  of s i t e  care during the observation and ac t ive  i n s t i t u t i o n a l  control 
periods. Also shown a r e  the corresponding closure and long-term care (act ive 
i n s t i t u t i o n a l  control)  costs, as well as t o t a l  postoperational costs .  All cos ts  
a re  shown as  t o t a l  cos ts  over a 20-year f a c i l i t y  operating l i f e  t o  disposal 
f a c i l i t y  customers. (Unit costs  may be determined by dividing by IO6.) 

As shown i n  Table 5.28, the longer the  observation period o r  the greater  the 
level of care ,  the higher the observation period cos ts  t o  the disposal f a c i l i t y  
customer. In addi t ion,  as  the observation period increases,  t h e  long-term care 
cos ts  decrease. T h i s  i s  due t o  the accrued i n t e r e s t  i n  the  state-operated long-
term care fund during the observation period. 
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Table 5.28 	 Comparison o f  Costs f o r  Alternative 
Observation Periods 

Length o f  Observation 
Period (yrs)  

Closure 
Observe 
Long-term care 
Total 

C1osure 
Observe 
Long-term care 
Total 

C1osure 
Observe 
Long-term care 
Total 

C1 osure 
Observe 
Long-term care 
Total 

($ x 106) 

Assumed 	 Level of Care 
Required 

High Moderate Low 

3.67 3.67 3.67 
0 0 0 

34.6 14 .4  8 .5  
38.2 18.1 12.2 

3.67 3.67 3.67 
2.39 1.67 0.82 

33.0 13.8 8.12 
39.1 19 .1  12.6 

3.67 3.67 3.67 
4.67 13.26 1 . 6 1  

31.6 1 3 . 2  7.76 
39.9 20.1 13.0 

3.67 3.67 3.67 
12.8 8.96 4.41 
26.7 11 .0  6.46 
42.8 23.6 14.5 

Total postoperational cos ts  a re  increased over the base case (no observation 
periods) cos ts  f o r  a l l  three a l t e r n a t i v e  observation periods. Assuming a 5-year 
observation period and a moderate t o  low range i n  the  assumed care l e v e l ,  costs  
t o  the  f a c i l i t y  customer would range between $0.82/rn3 and $1.67/m3 ($0.02/ft3 
t o  $0.05/ft3).  However, t o t a l  postoperational c o s t s ,  due t o  the reduced need 
t o  place funds in to  the state-operated long-term care fund, would be increased 
by only $0.40/m3 t o  $1.00/m3 ($0.01/ft3 t o  $0.03/ft3). 

As shown, the requirement of a 5-year observation period would not appear t o  
r a i s e  costs  t o  the disposal f a c i l i t y  customer operator. T h e  requirement provides 
insurance t o  the s i t e  owner t h a t  he will  n o t  be faced with large immediate 
maintenance c o s t s ,  as well as reduces the amount of long-term ( i n s t i t u t i o n a l  
control)  costs  t o  the s i t e  owner. 
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5.5.2.2 S i t e  C h a r a c t e r i s t i c s  

No new s i t e  s u i t a b i l i t y  requirements have been i d e n t i f i e d  based on t h e  analyses. 
The analyses support  those l e a d i n g  t o  e l i m i n a t i o n  o f  water and long-term main­
tenance and l e a d i n g  t o  a s t a b l e  p r e d i c t a b l e  s i t e  c o n d i t i o n .  

5.5.2.3 Design and Operations 

Two new requirements f o r  design and operat ions are i d e n t i f i e d .  They are s e t  
o u t  b e l  ow. 

5 .5 .2 .3 .1  Contact o f  Waste by Water 

Requirement. The d isposal  f a c i  1it y  s h a l l  be designed t o  e l  i m i  nate the  
con tac t  o f  water w i t h  waste d u r i n g  storage, t h e  con tac t  o f  s tanding water 
w i t h  waste d u r i n g  d i sposa l ,  and the  con tac t  o f  p e r c o l a t i n g  o r  s tanding 
water w i t h  wastes a f t e r  d isposal .  Covers o f  d isposal  c e l l s  s h a l l  be designed 
t o  p reven t  water i n f i l t r a t i o n ,  t o  d i r e c t  p e r c o l a t i n g  or sur face water away 
from b u r i e d  waste, and t o  r e s i s t  degradat ion by sur face geologic  processes 
and b i o l o g i c  a c t i v i t y .  Surface fea tu res  s h a l l  d i r e c t  sur face water drainage 
away f r o m  d isposal  areas a t  v e l o c i t i e s  and g rad ien ts  which w i l l  n o t  r e s u l t  
i n  e ros ion  t h a t  w i l l  r e q u i r e  ongoing a c t i v e  maintenance i n  t h e  f u t u r e .  

Analys is :  These requirements a re  d i r e c t e d  a t  reducing t h e  con tac t  o f  waste 

. w i t h  water,  reducing t h e  p o t e n t i a l  f o r  p e r c o l a t i o n  o f  water i n t o  d isposal  c e l l s ,  

p r o v i d i n g  long-term s i t e  s t a b i l i t y ,  and reducing the  need f o r  long-term main­

tenance. They are r e l a t i v e l y  s t r a i g h t f o r w a r d  requirements and have g e n e r a l l y  

been assumed f o r  t h e  reference f a c i l i t y .  Several a l t e r n a t i v e s  f o r  accompl ishing 

these o b j e c t i v e s ,  however, were considered and analyzed by NRC i n c l u d i n g  v a r i a t i o n s  

i n  t he  th ickness,  composit ion, and design o f  t h e  d isposal  c e l l  covers, measures 

t o  s t a b i l i z e  d isposal  c e l l  covers, and measures t o  manage sur face water drainage. 

Each i s  b r i e f l y  discussed below. Other a l t e r n a t i v e s  considered and the d e t a i l s  

f o r  each a re  s e t  o u t  i n  Appendix F. 


The use o f  c e r t a i n  o f  these a l t e r n a t i v e s  w i l l  vary depending upon s p e c i f i c  s i t e  

c h a r a c t e r i s t i c s  (e.g., humid vs .  a r i d  s i t e ) .  Given t h i s ,  none o f  these 

a l t e r n a t i v e s  discussed a re  s e t  ou t  as p re fe r red .  To ma in ta in  f l e x i  

implementing the  P a r t  6 1  r u l e ,  the  s p e c i f i c  measures t h a t  t h e  l i censee  would 

u t i l i z e  t o  comply w i t h  the  above requirement would be analyzed on a s i t e - s p e c i f i c  

case-by-case bas is .  


Improved Disposal C e l l  Covers and Designs 


I n s t a l 7 a t i o n  and maintenance o f  an adequate cover (cap) over t h e  disposed waste 

i s  one of t h e  more impor tant  ( i f  n o t  one o f  t h e  most impor tant )  cons iderat ions 

a t  a near-surface d isposal  f a c i l i t y .  T h e  t r ench  cap prov ides r a d i a t i o n  s h i e l d i n g  

and an i n f i l t r a t i o n  b a r r i e r  t o  moisture.  A p r o p e r l y  designed and const ructed 

t r ench  cover i s  a l s o  impor tant  i n  h e l p i n g  t o  minimize eros ion and d i r e c t  sur face 

water away f r o m  disposed waste. 
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The r o l e  o f  t h e  t rench  cap as an i n f i l t r a t i o n  b a r r i e r  i s  e s p e c i a l l y  important.  
I f  s i g n i f i c a n t  q u a n t i t i e s  o f  water a re  a l lowed t o  i n f i l t r a t e  through t h e  t rench  
cap and con tac t  t h e  disposed waste, then some o f  t h e  r a d i o a c t - i v i t y  conta ined 
i n  t h e  waste may be leached from t h e  waste and released i n t o  the  environment. 
Optimal c o n d i t i o n s  a t  a d isposal  f a c i l i t y ,  then, would exclude t h e  con tac t  o f  
s i g n i f i c a n t  q u a n t i t i e s  o f  water w i t h  t h e  disposed waste. M in im iz ing  water move­
ment i n t o  disposed waste through use o f  d isposal  c e l l  covers a l s o  reduces the  
mois ture con tac t  o f  t h e  waste, which helps t o  reduce t h e  r a t e  o f  an aerobic  
b a c t e r i a l  degradat ion o f  waste. 

I n  t h e  reference f a c i l i t y  discussed i n  Appendix E, t h e  t r e n c h  caps a re  assumed 
t o  c o n s i s t  o f  one meter o f  b a c k f i l l  t o  o r i g i n a l  grade, p l u s  an a d d i t i o n a l  one 
meter o f  s o i l  added above t h e  o r i g i n a l  grade. NRC analyzed a l t e r n a t i v e s  f o r  
improv ing t rench  cap performance, i n c l u d i n g  improved compaction techniques, 
t h i c k e r  low permeable t r e n c h  covers, and p o s s i b l e  use o f  m u l t i p l e  mois ture 
b a r r i e r s .  Fu r the r  background i n f o r m a t i o n  about d i f f e r e n t  p o s s i b l e  types of 
d isposal  c e l l  covers i s  s e t  o u t  i n  Sect ion 2.3.2.1 o f  Appendix F. 

Use o f  More Densely Compacted, Thicker  Trench Caps. 

Improvements i n  cap performance can be obta ined through increased a t t e n t i o n  t o  
compaction of t h e  waste, d isposal  c e l l  b a c k f i l l ,  and t h e  d isposal  c e l l  cover. 
Un t i l  f a i r l y  r e c e n t l y ,  l i t t l e  a t t e n t i o n  has been p a i d  t o  compaction o the r  than 
t h a t  cornpaction t h a t  can be achieved by a p p l i c a t i o n  o f  several  f e e t  o f  t r ench  
cover, p l u s  d r i v i n g  over t r e n c h  covers w i t h  waste t r a n s p o r t  and o the r  s i t e  
veh ic les .  Th is  i s  t h e  case assumed a t  t he  reference d isposal  f a c i l i t y .  
Decreased i n f i l t r a t i o n  and p e r c o l a t i o n  through a t rench  cover (by reducing 
p o r o s i t y  and thus p e r m e a b i l i t y )  can be inexpensive ly  achieved, however, through 
use o f  improved compaction techniques us ing  commercial ly a v a i l a b l e  compacting 
equipment such as v i b r a t o r y  compactors. Such compaction would a l s o  he lp  t o  
compress t h e  compressible wastes and reduce voids,  thus m in im iz ing  set t lement  
and subsidence problems. W i t h i n  t h e  l a s t  few years,  t he  operators  o f  a s i t e  
l o c a t e d  i n  a humid environment have employed a mechanical v i b r a t o r y  compactor 
t o  p rov ide  a d d i t i o n a l  compression o f  disposed waste and compaction o f  t rench  
caps. The d isposal  s i t e  operators  have repo r ted  t h a t  use o f  t h e  v i b r a t o r y  
compactor has g r e a t l y  reduced subsequent maintenance o f  f i l l e d  and capped 
trenches. 

The c o s t  f o r  l e a s i n g  and opera t i ng  a v i b r a t o r y  compactor f o r  use a t  t h e  reference 
f a c i l i t y  a re  est imated t o  t o t a l  approximately $94,000 p e r  year,  o r  add approxi­
mate ly  $ .05/ f t3  t o  t h e  u n i t  ope ra t i ng  costs .  The compactor would be o r i g i n a l l y  
used t o  compact t h e  1m o f  ear then f i l l  down t o  t h e  approximate l e v e l  o f  t he  
o r i g i n a l  s i t e  grade. Then, a 1m cap would be a p p l i e d  i n  reasonably un i fo rm 
20 t o  3 1  cm (8-12 inch )  t h i c k  l a y e r s  and compacted t o  a minimum 95% o f  t he  
maximum compact ib le d e n s i t y  t e s t .  

A d d i t i o n a l  th icknesses o f  c layey cap m a t e r i a l  c o u l d  a l s o  be appl ied.  For example, 
an a d d i t i o n a l  2 meters o f  c l a y  s o i l  c o u l d  be a p p l i e d  which would c o s t  an a d d i t i o n a l  
$8.40/m3 ($0.24/ f t3) ,  assuming t h a t  t h e  a d d i t i o n a l  c layey s o i l  would be imported 
a t  a c o s t  of $3.50/yard3 from a borrow p i t  l o c a t e d  approximately 10 m i l e s  from 
t h e  d isposal  f a c i l i t y .  (The d e t a i l s  o f  t h e  c o s t  c a l c u l a t i o n  a re  s e t  o u t  i n  
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Appendix F . )  The additional 2 m s o i l  thicknesses would be applied i n  8-12 inch 
layers and compacted using the mechanical compactors. 

Use of Moisture Barriers 

The second trench cap improvement could involve the i n s t a l l a t i o n  of s ingle  o r  
multiple moisture b a r r i e r s  within a thicker  trench cap. As an example of possible 
use of moisture b a r r i e r s ,  four moisture b a r r i e r  cases were analyzed in Appendix F. 
The additional cos ts  associated w i t h  these examples a r e  shown i n  Table 5.29. 

Tab1e 5.29 	 Additional Faci 1i t y  Design and Operations 
U n i t  Costs For Improved Disposal Cell Covers 

Case Additional Cost 

Base Case (Appendix E )
lm backfi l l  t o  original grade
Im cover above or iginal  grade 

Thicker Denser Cap 
2m additional 
3m additional 

Moisture Barrier 
One bentonite 
f t 3  a t  0.5m i n  

cover above or iginal  grade 
cover above or iginal  grade 

Case A 
layer applied a t  4 pounds/ 

2m thicker  denser cap 

Moisture Barrier Case B 
One 36mil reinforced hypalon polymer 
membrane place a t  0.5m i n  2m thicker  
denser cap 

Moisture Barr ier  Case C 
One polymer membrane a t  or iginal  grade 
and one bentonite clay layer a t  0.5m in  
2m thicker  denser cap 

Moisture Barrier Case D 
two 36 mil reinforced hypalon polymer 
membranes 

0 

$ 8.41/m3 
10. 89/m3 

$11.45/m3 

$11.92/m3 

$14. 95/m3 

$15. 42/m3 

Given these a l t e r n a t i v e s ,  there  a r e  a number o f  a l t e r n a t i v e  disposal c e l l  covers 
t h a t  can be applied a t  near-surface disposal f a c i l i t i e s  which cover a range of 
costs  and lead t o  reduced impacts. The advantage of the use o f  the more exot ic  
techniques of applying moisture b a r r i e r s  do not seem apparent b u t  they have 
been included f o r  purposes of comparison. A principal consideration in the 
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i n s t a l l a t i o n  of such caps i s  the  s t a b i l i t y  o f  the waste upon which the cap i s  
placed s ince subsidence and compression o f  the  waste would lead t o  collapse 
and cracking of the trench cap. 

Stabi 1 i z a t i  on and F i  nal Covers 

After a cover has been placed over a disposal c e l l ,  i t  i s  a l so  important t h a t  
the  cap be s t a b i l i z e d  by a f ina l  cover. A ?ack of such a f i n a l  cover can lead 
t o  uncontrolled water and w i n d  erosion of the uni t  caps. Two types of f i n a l  
covers a r e  in  general use today: natural vegetation ( e . g . ,  grass ) ,  and hard 
surface covers such as cobbles or  rip-rap.  

A natural vegetation cover a t  a disposal f a c i l i t y  can serve several functions,  
such as physically s t a b i l i z i n g  ear th  mater ia ls ,  reducing erosion and i n f i l t r a ­
t ion  o f  prec ip i ta t ion  i n t o  the disposed waste, and enhancing the appearance o f  
a s i t e .  A th ick  grass cover, f o r  example, breaks the impact of f a l l i n g  water 
droplets  on the ear th  surface and reduces the run-off r a t e  from the s i t e ,  thereby 
reducing the potent ia l  f o r  water erosion. By the  same t o k e n ,  the  plant  roots 
help t o  hold the s o i l  i n  p lace,  thereby minimizing wind  erosion. 

Water absorbed in to  plant  roots may a l so  be t ranspired through the plant  leaves. 
I t  i s  important, however, t h a t  the  r o o t  systems of cover grasses be of shallow 
d e p t h  t o  preclude contact w i t h  and uptake of radionuclides from the  disposed 
waste. Vegetation species native t o  the general area of the disposal s i t e  a r e  
preferable ,  as these species a re  more l i k e l y  t o  be acclimated t o  the s i t e  
climate. A layer  o f  r ip-rap or  cobbles can a l so  be e f fec t ive  as  a f ina l  s o i l  
cover, par t icu lar ly  i n  a r i d  climates where i t  i s  more d i f f i c u l t  t o  es tab l i sh  a 
vegetative cover. 

As a p a r t  o f  the descr ipt ion of  the reference f a c i l i t y  i n  Appendix E, NRC assumed 
t h a t  action was taken t o  s t a b i l i z e  the cover by es tabl ishing a f i n a l  vegetative 
cover. The costs  and impacts a r e ,  therefore ,  ref lected i n  the base case 
analysis .  Such act ions should be continued and required o f  fu ture  s i t e s .  

Use of a Hiahlv Permeable Backfill 

One way i n  which the contact o f  disposed waste by i n f i l t r a t i n g  water may be 
reduced i s  t o  backfi l l  the  disposal trench w i t h  a highly permeable material 
such as sand. Use of the sand backfi l l  would allow percolating water t o  quickly
flow past  disposed waste t o  the bottom of the trench, t h u s  reducing the contact 
time and the potent ia l  f o r  leaching. Use of a sand backfi l l  would a l so  be 
expected t o  readi ly  s i f t  down i n t o  the i n t e r s t i t i a l  spaces between waste packages 
and therefore  help reduce the presence o f  voids i n  a disposal c e l l .  

As par t  of t h i s ,  i t  would a l so  be appropriate to place a layer  o f  sand--perhaps
s i x  inches t o  a foot  thick--at  the bot tom o f  the disposal c e l l  p r i o r  t o  waste 
package emplacement. T h i s  would reduce the p o s s i b i l i t y  of rainwater f a l l i n g  
on  an open disposal c e l l ,  or water percolating t h r o u g h  a closed cap, from 
col lec t ing  and standing around the bottom waste packages. T h i s  i s  especial ly  
important when one considers t h a t  a t  ex is t ing  disposal f a c i l i t i e s  higher 
a c t i v i t y  waste packages a re  frequently emplaced on o r  near the bottom of the 
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disposal trenches t o  reduce radiat ion exposure t o  f a c i l i t y  personnel. Water 
percolating t o  the bottom of the trench wil l  percolate below the bottom waste 
packages in to  the sand layer ,  and flow in to  the French drain along one s ide of 
the  trench. The French drain then d i r e c t s  the water t o  a sump a t  the l o w  end 
of t h e  trench before the percolating water has a chance t o  contact the lowest 
waste packages f o r  extended periods o f  time. The sand layer a l so  provides a 
smooth t r a f f i c a b l e  foundation f o r  operation of vehicles such as fork l i f t s  in 
the trench. 

To implement t h i s  option, the disposal operations remain essent ia l ly  the same 
as before,  w i t h  the  exception t h a t  the sand backfi l l  i s  u t i l i z e d  instead of 
backfi l l  composed of previously excavated s i t e  s o i l s .  The 1 m space between 
the top of the waste and the  top of the trench i s  a l so  f i l l e d  w i t h  the  sand 
backf i l l .  The backfi l l  i s  obtained from a local borrow p i t .  

Assuming one mill ion m3 of the randomly disposed waste a t  the f a c i l i t y ,  approxi­
mately 65,000 m3 of sand would be required annually, or approximately 1 .3  mill ion 
m3 over the 20 years operating l i f e  of the f a c i l i t y .  T h i s  would r e s u l t  i n  an 
additional operational expense of approximately $6. 70/m3 ($0. 1 9 / f t 3 )  above t h a t  
f o r  the reference f a c i l i t y .  Use of a sandy layer on trench f loors  i n  addition 
t o  use of a sandy backfi l l  i s  presently p a r t  o f  standard operating pract ice  a t  
the  Barnwell, SC disposal f a c i l i t y .  

Surface Water Management and Drainage 

The proper management of surface water drainage i s  important i n  quickly removing 
prec ip i ta t ion  from the s i t e  surface and thereby eliminating the contact time 
and amount of water t h a t  will  i n f i l t r a t e  the s o i l .  Runoff and drainage, however, 
should not be so  rapid so as t o  lead t o  erosion of disposal c e l l  caps. 

Surface water management i n  the  reference f a c i l i t y  consis ts  of drainage control 
through grading of the s i t e .  Temporarily i n s t a l l e d  ear th  berms are  used t o  
d i r e c t  flowing water away from open trenches which a re  being act ively used f o r  
waste disposal.  Surface drainage through the use of ditching and channelization 
can be useful i n  reducing the quantity o f  water which percolates in to  the s o i l .  
T h i s  i s  accomplished by transporting the runoff water from the s i t e  before s ign i f ­
icant volumes can i n f i l t r a t e  i n t o  the s o i l .  The costs  and impacts f o r  proper 
management of surface water have been included in Appendix E. Appendix F ,  however, 
presents an example of one method which could be used t o  improve drainage from 
the  s i t e .  The cos ts  and effect iveness  of s imilar  types of drainage systems a t  
a real disposal f a c i l i t y  would be s i t e - s p e c i f i c .  However, the example in Appen­
d i x  F i l l u s t r a t e s  the magnitude of the costs  involved in such an improved drainage 
system--i.e.,  about $7.50 per m3 of waste ($Q.21/ft3).  

Trench Water 

A t  the  reference f a c i l i t y  described i n  Appendix E, an approximate one degree 
slope i s  provided in the  bottom of the trench from end t o  end and from one s ide 
toward a grave l - f i l l ed  French drain.  The French drain runs the e n t i r e  length 
on the lower elevation s ide  t o  provide f o r  co l lec t ion  and drainage of precipi ta­
t i o n  entering a trench. A grave l - f i l l ed  sump i s  located a t  the low corner of 
the trench w h i c h  i s  used t o  remove prec ip i ta t ion  from the trench during operations. 
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I n  Appendix F ,  t h e  a l t e r n a t i v e  o f  us ing  a temporary s t r u c t u r e  such as a weather 
s h i e l d  t o  minimize water con tac t  w i t h  waste d u r i n g  opera t i on  i s  a l s o  considered 
and analyzed (Refer t o  Sect ion 2.3.2.4). The weather s h i e l d  would be employed 
t o  e l i m i n a t e  t h e  amount o f  ra inwa te r  f a l l i n g  i n t o  an open t rench  d u r i n g  p r e c i p i ­
t a t i o n  events. Such s h i e l d s  and a i r  support  b u i l d i n g  have been used a t  some 
DOE s i t e s  t o  p rov ide  weather s h i e l d i n g .  Although the use o f  such weather support  
s h i e l d s  would e l i m i n a t e  the  i n f l o w  o f  p r e c i p i t a t i o n  i n t o  t renches as they  are 
const ructed and f i l l e d ,  they would increase d isposal  f a c i l i t y  cos ts  by about 
$27/m3 and would increase occupat ional  exposures as a r e s u l t  o f  increased 
i n - t r e n c h  handl ing o f  wastes w i t h o u t  s i g n i f i c a n t  reduc t i on  i n  long-term impacts. 
NRC, thus,  has concluded t h a t  t he  c o n t i n u a t i o n  o f  e x i s t i n g  p r a c t i c e s  such as 
those descr ibed f o r  t h e  t y p i c a l  f a c i l i t y  f o r  removal o f  i n c i p i e n t  p r e c i p i t a t i o n  
f r o m  open trenches should cont inue t o  be requi red.  

5.5.2.3.2 S t a b i l i t y  o f  Disposal C e l l s  

Requirement - Compressible low a c t i v i t y  wastes s h a l l  be segregated from 
and disposed o f  separate ly  from h igher  a c t i v i t y  s t a b l e  noncompressive 
wastes. Waste s t a b i l i t y  may be achieved through the  f o r m  o f  t he  waste, 
t h e  waste packaging, o r  d isposal  f a c i l i t y  design. Wastes which must be 
s t a b l i z e d  s h a l l  be emplaced i n  an o r d e r l y  manner t h a t  mainta ins package 
i n t e g r i t y  d u r i n g  emplacement and d isposal .  Void spaces between waste 
packages s h a l l  be f i l l e d  w i t h  e a r t h  o r  o t h e r  m a t e r i a l  t o  reduce f u t u r e  
subsidence w i t h i n  t h e  d isposal  c e l l .  

Analysis:  A major problem t h a t  has been experienced a t  near-surface d isposal  
f a c i l i t i e s  has been subsidence o f  d isposal  c e l l  covers. Subsidence problems 
observed a t  d isposal  f a c i l i t i e s  have ranged f r o m  minor s e t t l i n g  and t rench  cap 
c rack ing  t o  extens ive cap co l l apse  and c r e a t i o n  o f  l a rge -sca le  s inkholes.  Sub­
sidence i s  caused by t h e  ex is tence o f  v o i d  spaces w i t h i n  d isposal  trenches 
created by degradat ion o f  compressible waste such as paper o r  o the r  combust ib ie 
t r a s h  and by v o i d  spaces w i t h i n  waste packages and between waste packages a f t e r  
d isposal .  Problems which have been observed i n  t h e  p a s t  a t  d isposal  f a c i l i t i e s  
have included: 

o 	 Increased p e r c o l a t i o n  of  water i n t o  t h e  disposed waste, r e s u l t i n g  i n  
p o t e n t i a l l y  increased ground-water m ig ra t i on .  

o 	 Creat ion o f  leachate accumulation problems a t  t w o  d isposal  f a c i l i t i e s  
l oca ted  i n  humid environments. 

o 	 Grea t l y  increased s i t e  maintenance costs  a t  some s i t e s  which were 
n o t  expected when the  waste was disposed. 

o 	 A t  an a r i d  western d isposal  f a c i l i t y ,  exposure o f  disposed waste 
which was then dispersed by wind. 

o 	 A r e d u c t i o n  i n  t h e  a b i l i t y  t o  p r e d i c t  t h e  long-term impacts o f  
disposed wastes. 
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The c o n t r o l  o f  subsidence and assurance o f  s i t e  s t a b i l i t y  i s  o f  major 
importance i n  t h e  design and opera t i on  o f  a near-surface d isposal  f a c i l i t y .  
Any improvements i n  t rench  covers (p rev ious l y  addressed) would be d i r e c t l y  
r e l a t e d  t o  t h e  s t a b i l i t y  o f  t h e  under l y ing  waste. The f o l l o w i n g  subsections 
rev iew a number o f  a l t e r n a t i v e  f a c i l i t y  designs and opera t i ng  p r a c t i c e s  which 
cou ld  be used t o  he lp  c o n t r o l  subsidence problems. These designs and p r a c t i c e s  
g e n e r a l l y  i n v o l v e  ways i n  which vo ids can be reduced i n  d isposal  c e l l s ,  and 
inc lude  waste emplacement and segregat ion techniques, improved t rench  compac­
t i o n ,  use o f  g r o u t i n g  a n d ' c o n t r o l l e d  dens i t y  f i l l s ,  deconta iner ized d isposal ,  
and increased volume reduct ion.  The use o f  engineered s t r u c t u r e s  such as 
caissons and concrete w a l l e d  t renches a re  a l s o  reviewed. 

Waste Emplacement and Segregation 

I n  general ,  waste emplacement a t  e x i s t i n g  d isposal  f a c i l i t i e s  i s  accomplished 
by e i t h e r  random disposal  ( i n c l u d i n g  dumping o r  r o l l i n g  o f  conta iners i n t o  t h e  
d isposal  t renches, and placement o f  heavier  i tems i n  a random fashion),  o r  by 
stacked placement o f  i tems i n  some o r d e r l y  o r  i n t e r l o c k i n g  fashion. Stacked 
emplacement i s  used t o  e i t h e r  maximize t rench  space u t i l i z a t i o n  o r  p rov ide  
waste-shielded "pockets" i n  which h ighe r  a c t i v i t y  conta iners may be placed. 
V a r i a t i o n s  o f  stacked emplacement have been used, i n c l u d i n g  i n d i v i d u a l  placement 
of  stacked boxes, l a r g e  r i g h t  c y l i n d e r s ,  and some i n d i v i d u a l  smal ler  (200 l i t e r )  
drums i n  s p e c i f i c  spots. I n  c a v i t i e s  formed by these f i r s t - l a y e r  conta iners,  
h i g h e r - a c t i v i t y  waste may be placed. Lower l e v e l  waste may be then randomly 
stacked o r  r o l l e d ,  depending on the  mode o f  o f f - l o a d i n g  t h a t  i s  most e f f i c i e n t ,  
on t o p  o f  t h e  f i r s t - l a y e r  conta iners.  The s tack ing  h e i g h t  i s  dependent on t h e  
types o f  conta iners received, t h e  c a p a b i l i t i e s  o f  t h e  waste handl ing equipment, 
and t h e  b a c k f i l l  r e q u i r e d  t o  ma in ta in  d e s i r a b l e  r a d i a t i o n  l e v e l s .  Random waste 
emplacement w i t h  some s tack ing  o f  l a r g e  boxes and conta iners has been assumed 
f o r  t he  reference f a c i l i t y  descr ibed i n  Appendix E. 

V a r i a t i o n s  i n  emplacement p r a c t i c e s  can d i r e c t l y  a f f e c t  t he  o v e r a l l  performance 
o f  t he  d isposal  f a c i l i t y .  Container placement can a f f e c t  f u t u r e  cap maintenance 
requirements as w e l l  as a f f e c t  t he  p o t e n t i a l  ground-water m i g r a t i o n  o f  rad io -
nuc l i des  f r o m  t h e  d isposal  s i t e .  

Stacked Emplacement Disposal :  One a l t e r n a t i v e  t h a t  can be a p p l i e d  i s  t o  s tack  
waste packages r a t h e r  than randomly dump them. An expected advantage from the  
use o f  stacked r a t h e r  than random placement o f  waste conta iners i s  t h a t  o f  
enhanced s t a b i l i t y  o f  t h e  disposed waste, r e s u l t i n g  from a reduc t i on  i n  t rench  
v o i d  space and an associated decrease i n  the  p o t e n t i a l  f o r  subsidence. The 
i n t e g r i t y  o f  t h e  t rench  cover would be enhanced and t h e  i n f i l t r a t i o n  o f  ra inwa te r  
reduced, thus reducing t h e  p o t e n t i a l  f o r  ground-water m ig ra t i on .  Stacked emplace­
ment i s  a l s o  est imated t o  improve t h e  t rench  volume use (d isposal  e f f i c i e n c y )  
f r o m  about 50% t o  about 75%, r e s u l t i n g  i n  an e f f e c t i v e  50% increase i n  t rench  
capaci ty .  A d d i t i o n a l  p o s i t i v e  fea tu res  o f  stacked ernplacement i n c l u d e  a reduc t i on  
o f  s t resses on t h e  i n t e g r i t y  o f  waste conta iners,  more c o n t r o l  over h i g h  a c t i v i t y  
conta iners,  and use of  o t h e r  waste ( i ns tead  o f  b a c k f i l l )  f o r  s h i e l d i n g .  Where 
t rench  space i s  a t  a premium and a s u f f i c i e n t  f r a c t i o n  o f  t h e  incoming waste 
packages have uni form c o n f i g u r a t i o n s  f o r  s tack ing,  i t  may be t o  t h e  o p e r a t o r ' s  
advantage t o  use t h i s  method. 
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Thgere a r e  a l s o  disadvantages t o  s t a c k i n g  o f  waste conta iners.  Stack ing i s  a 
more l a b o r - i n t e n s i v e  e f f o r t  compared w i t h  random placement. F o r  conta iners 
r e q u i r i n g  i n d i v i d u a l  attachment t o  o f f l o a d i n g  devices, such as l a r g e  (170 ft3) 
l i n e r s  o r  h i g h  a c t i v i t y  drums, a reasonably conservat ive increase i n  manpower 
( o r  decrease i n  waste emplacement r a t e ) ,  o f  about 20% o v e r  random placement 
requirements i s  est imated t o  occur. For smal ler  conta iners such as drums, which 
are o f t e n  r o l l e d  o f f  o f  t r a n s p o r t  veh ic les  i n t o  t h e  trenches, the l a b o r  requ i re ­
ments may be increased by as much as a f a c t o r  o f  4. Th is  t r a n s l a t e s  i n t o  an 
o v e r a l l  est imated increased l a b o r  requirement f o r  waste handlers o f  about 1.5,  
when compared w i t h  random emplacement o f  a l l  con ta ine r  types. This  n o t  on l y  
increases the  l a b o r  c o s t  pe r  u n i t  volume, b u t  r a i s e s  worker r a d i a t i o n  exposure 
l e v e l s  p r o p o r t i o n a t e l y .  Where segregat ion o f  h i g h  a c t i v i t y  waste i s  n o t  
performed, t rench  r a d i a t i o n  l e v e l s  may a t  t imes a l s o  p r o h i b i t  workers f r o m  
a s s i s t i n g  i n  des i red  p o s i t i o n i n g  o f  conta iners.  

Est imated changes i n  ope ra t i ona l  cos ts  and impacts were assessed i n  Sect ion 5.2. 
The d e t a i l s  a re  summarized i n  Table 5.10. As shown, extens ive use o f  stacked 
d isposal  f o r  a l l  waste packages i s  est imated t o  r e s u l t  i n  i nc reas ing  opera t i ona l  
cos ts  by approximately $,?Urn3 ($. 63 / f t 3 ) .  Overa l l  r a d i a t i o n  doses among waste 
handlers would a l s o  r i s e .  These a d d i t i o n a l  exposures cou ld  be p o s s i b l y  reduced 
i f  stacked d isposal  was c a r r i e d  ou t  concu r ren t l y  w i t h  a program t o  segregate 
wastes hav ing h igher  sur face r a d i a t i o n  l e v e l s .  

Waste Segregation: A second a l t e r n a t i v e  t h a t  can be a p p l i e d  i nvo l ves  segre­
gated d isposal  o f  h i g h  a c t i v i t y  s t a b l e  waste streams from l o w  a c t i v i t y  unstable 
waste streams. This  a l t e r n a t i v e  was determined t o  be p r e f e r r e d  i n  t h e  
preceding analyses. 

Given t h e  mix o f  waste t h a t  i s  rece ived  f o r  d i sposa l ,  t he  t rench  subsidence 
problems created by d isposal  o f  compressible low a c t i v i t y  t r a s h  waste w i t h  t h e  
more s t a b l e  h ighe r  a c t i v i t y  wastes, and the  increased m i g r a t i o n  p o t e n t i a l  f o r  
t h e  h ighe r  a c t i v i t y  wastes w i t h  increased p e r c o l a t i o n  through t h e  t r e n c h  cap, 
an i n i t i a l  conc lus ion would be t o  p lace  a l l  o f  t h e  waste i n t o  a s o l i d ,  noncom­
p r e s s i b l e  form such t h a t  long-term s t a b i l i t y  was assured. Such a requirement 
would he lp  ensure s t a b i l i t y ,  b u t  would r e q u i r e  the  same l e v e l  o f  t reatment  f o r  
a l l  wastes regard less of hazard p o t e n t i a l  and the  cos ts  f o r  d isposal  of low 
a c t i v i t y ,  s h o r t  h a l f - l i v e d  wastes would be h igh.  A more c o s t - e f f e c t i v e  a l t e r ­
n a t i v e  t o  p l a c i n g  a l l  t h e  waste i n t o  a s t a b l e  f o r m  would be t o  segregate and 
dispose o f  t h e  low a c t i v i t y  compressible wastes separate ly  from t h e  h ighe r  
a c t i v i t y  wastes. The h ighe r  a c t i v i t y  wastes would be r e q u i r e d  t o  be s t a b i l i z e d  
t o  p r o v i d e  g rea te r  s t a b i l i t y  over t h e  long t e r m  w i t h  decreased p o t e n t i a l  f o r  
m ig ra t i on .  W i th  segregat ion,  t h e  most innocuous wastes having l i m i t e d  a c t i v i t y  
and s h o r t  h a l f - l i v e s  cou ld  be disposed o f  under l e s s  s t r i n g e n t  requirements 
s ince  they would present  minimal hazard p o t e n t i a l  from t h e  s tandpoint  of 
m ig ra t i on .  More hazardous and longer  h a l f - l i v e d  wastes cou ld  concur ren t l y  be 
p laced i n  a s t a b l e  fo rm and disposed i n  separate trenches. Al though t h i s  
concept i s  n o t  a r a d i c a l  departure f r o m  c u r r e n t  techniques, i t  w i l l  r e q u i r e  
t h a t  wastes r e q u i r i n g  segregat ion from o the r  wastes be i d e n t i f i e d  on shipment 
man i fes t  documents and be p r o p e r l y  l a b e l l e d .  
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The overall costs  and impacts of waste segregation were analyzed i n  Section 5 .2 .  
These additional costs  a re  expected t o  be r e l a t i v e l y  minor--i .e. ,  an additional 
$6.10/m3 ($0.17/ft)  i n  design and operational costs .  T h i s  increase i s  due t o  
the assumption t h a t  additional radiat ion workers will  be needed t o  carry o u t  
segregated disposal operations as well as  additional equipment leasing cos ts .  

Decontainerized Disposal: Another a l t e r n a t i v e  t h a t  could be applied t o  achieve 
grea te r  s t a b i l i t y  i s  decontainerized disposal o f  low a c t i v i t y  compressible waste 
streams. Decontainerized disposal re fers  t o  emplacement of wastes without any 
external shipping container. Presently,  wastes such as bulk low a c t i v i t y  material 
( e . g . ,  calcium f luor ide  wastes) or  large pieces of machinery a r e  occasionally
disposed of a t  disposal f a c i l i t i e s  without external s h i p p i n g  containers.  This 
d i  sposal technique coul d be extended t o  other 1ow a c t i  vi t y  wastes, par t icu lar ly  
compressible wastes such as dry t r a s h ,  and biological wastes. 

For decontainerized disposal ,  waste streams would be disposed of by methods 
s imilar  t o  t h a t  employed a t  a sani tary l a n d f i l l .  Waste containers would be 
emptied onto the ground and per iodical ly  covered over w i t h  a s o i l  layer using 
heavy equipment. The waste containers could then be decontaminated and reused. 
For decontaineriaed disposal ,  benefi ts  would be real ized both during and a f t e r  
disposal operations. The absence o f  containers would reduce waste volume, w i t h  
additional savings occurring through container reconditioning and reuse. However, 
the major advantage would come from accelerated s t a b i l i z a t i o n  of disposal trenches. 

A major disadvantage i s  the  accompanying hazard of potent ia l  airborne contam­
ination t o  the waste emplacement labor force and t ranspor t  of contamination t o  
the o f f s i t e  environment. The costs  and impacts were summarized i n  Tables 5.12 
and 5.13. 

Engineered Suppor t s  f o r  Disposal Trench Covers 

As discussed i n  the previous sect ions,  waste stacking, waste segregation, and 
improved compaction a l l  appear t o  of fe r  improvements in the a b i l i t y  t o  reduce 
voids and t o  control (and possibly eliminate) subsidence. Decontainerized 
disposal would a lso reduce trench subsidence, and would be useful f o r  such 
wastes as low a c t i v i t y  bulk s o l i d s ,  contaminated building rubble, o r  occasional 
large pieces of machinery, provided t h a t  disposal o f  such wastes was carr ied 
o u t  i n  an operationally safe  manner and t h a t  disposal c e l l  voids were eliminated 
during disposal.  However, decontainerized disposal appears t o  be current ly  a 
nonviable option f o r  general extension t o  a l l  wastes. 

Other types o f  a l t e r n a t i v e s  could be used such as  engineering s u p p o r t s  f o r  
trench caps including caisson disposal ,  walled trench disposal ,  and grouting 
and controlled density f i l l .  Caissons and walled trenches a re  examples of 
"engineered s t ructures ' '  disposal methods. These disposal concepts a re  reviewed 
b r i e f l y  below. 

Caisson Disposal: I n  addition t o  reducing exposures t o  s i t e  personnel during 
waste disposal operations as  well as reducing potential  impacts t o  a fu ture  
inadvertent intruder ,  caisson disposal may be used as a means of providing 
support against  subsidence and of reducing potential  ground-water impacts. 
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I n  Appendix F, an example case was considered i n  which 10% o f  t h e  waste d e l i v e r e d  
t o  t h e  reference d isposal  f a c i l i t y  was disposed us ing  caissons. The a d d i t i o n a l  
costs  f o r  such d isposal  were est imated a t  about $126 p e r  m3 o f  waste disposed i n  
caissons, o r  about $6.13/f t3.  Although caissons may be considered as a v i a b l e  
o p t i o n  f o r  d isposal  o f  some h igh  a c t i v i t y  wastes, i t  would appear t o  be very 
expensive and wastefu l  o f  l and  f o r  extens ion t o  a l l  wastes. Much o f  t he  waste 
thus disposed would be o f  very low a c t i v i t y ,  and use o f  t h i s  e labo ra te  d isposal  
method f o r  such wastes would n o t  appear t o  be necessary t o  ensure p r o t e c t i o n  
o f  p u b l i c  h e a l t h  and sa fe ty .  D i f f i c u l t i e s  would a l s o  be encountered i n  d isposal  
o f  odd-shaped waste such as contaminated machinery o r  d isposal  o f  wastes shipped 
i n  l a r g e  boxes. 

Wal led Trench Disposal :  Concrete w a l l e d  t renches may a l s o  be used as a means--
a l b e i t  expensive--of p r o v i d i n g  s t a b i l i t y  and s t r u c t u r a l  support  f o r  improved 
d isposal  c e l l  covers. Waste i s  assumed t o  be stacked i n t o  t h e  wa l l ed  trenches, 
and then covered w i t h  a concrete cap. I n  Appendix F, t w o  cases us ing  w a l l e d  
t renches w e r e  considered: one case i n  which w a l l e d  t renches were used t o  dispose 
o f  approximately 100,000 m3 o f  waste and another case i n  which t h e  concrete 
w a l l e d  t renches were used t o  dispose o f  1,000,000 m3 o f  waste. The costs  
c a l c u l a t e d  f o r  these cases were $256 and $161, r e s p e c t i v e l y ,  p e r  m3 of disposed 
waste ($7. 2 5 / f t 3  and $4. 56 / f t 3 ) .  Occupational exposures from us ing  t h e  w a l l e d  
t renches were a l s o  est imated t o  be h igh,  as w e l l  as the  l and  use. 

Grou t ing  and C o n t r o l l e d  Densi ty  F i l l :  Another method a v a i l a b l e  t o  reduce 
subsidence i s  t o  f i l l  t h e  v o i d  spaces between waste packages w i t h  a m a t e r i a l  
t h a t  w i l l  he lp  support  the t rench  cap. The types o f  agents a v a i l a b l e  f o r  v o i d  
space f i l l i n g  i n c l u d e  c l a y  (bentoni te)  s l u r r i e s ,  and g rou t ,  and a c o n t r o l l e d  
dens i t y  f i l l .  

The use o f  g r o u t  which would be pumped i n t o  t h e  v o i d  spaces between conta iners 
before b a c k f i l l i n g  appears most p r a c t i c a l  f o r  t renches where stacked emplace­
ment has been employed. The waste would need t o  be emplaced i n  l a y e r s  and a f t e r  
each l a y e r  i s  completed, t h e  t r e n c h  would be grouted. The g r o u t  would be pumped 
through t rem ie  pumps lowered t o  t h e  base o f  t h e  t r e n c h  through v o i d  spaces between 
the  waste packages a t  perhaps 6 t o  8 separate l o c a t i o n s  u n t i l  t h e  g r o u t  l e v e l  
reached t h e  t o p  o f  t h e  f i r s t  waste l a y e r .  The pumping a c t i v i t i e s  genera l l y  would 
be c a r r i e d  o u t  i n  stages ( g r o u t i n g  each l a y e r  i n  sect ions).  A f t e r  t h e  f i r s t  
waste l a y e r  i s  grouted, a d d i t i o n a l  waste emplacement c o u l d  proceed. Each l a y e r  
o f  waste would be s i m i l a r l y  grouted. 

Grou t ing  would necessa r i l y  have an a f f e c t  on t h e  o v e r a l l  operat ions.  The 
g r o u t i n g  opera t i on  f o r  each l a y e r  would probably  consume a t  l e a s t  one t o  two 
weeks o f  t ime. I n  o rde r  t h a t  waste d isposal  operat ions n o t  be h a l t e d  d u r i n g  
g rou t i ng ,  i t  would be necessary t o  operate w i t h  two o r  more trenches open 
concur ren t l y .  The l a b o r  f o r c e  would a l s o  have t o  be augmented. A d d i t i o n a l  
supp l i es  and equipment r e q u i r e d  would i n c l u d e  g r o u t i n g  equipment (pumps, hose, 
and t rem ie  p ipes) ,  a batch cement m ix ing  p l a n t ,  and cement. A storage area would 
a l s o  be needed f o r  warehousing t h e  l a r g e  q u a n t i t i e s  of cement required. The 
est imated d i f f e r e n t i a l  c o s t  f o r  t h i s  d isposal  o p t i o n  i s  $60.50/m3 ($1.71/ft3). 
The r e s u l t a n t  b e n e f i t s  i n c l u d e  g rea te r  t r e n c h  cap i n t e g r i t y ,  a d d i t i o n a l  i n t r u d e r  
p r o t e c t i o n ,  and increased r e s i s t a n c e  o f  t h e  waste t o  leaching. 
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A second case would involve use of controlled density fill in place of the cement 
grout. In this example, the controlled density fill is assumed to be a commerci­
ally available lower strength concrete. The material is emplaced in layers using

tremie pipes in a similar manner as the grout fill. The principal difference is 

cost because the low density concrete is considerably less expensive than high

grade cement. The estimated differential cost for the controlled density fill 

is  $47/m3 ($1.33/ft3). Other than cost, the only appreciable difference in the 
final trench status is the overall strength of the fill. Controlled density
fill will adequately support the trench cap but is more capable of being excavated 

than high grade cement. Therefore, the controlled density fill provides slightly

less intruder protection. The benefits to trench cap integrity and leach 

resistance are assumed to be equivalent to that for grout cement. 


An additional disadvantage is that grouting activities are expected to signifi­
cantly increase occupational exposures at the disposal facility. 

5.5.2.4 Waste Form and Packaging 


1. 	 Requirement: Certain high activity waste streams shall have structural 

stability. Structural stability can be provided by the waste form 

itself, processing the waste to a stable form, or placing the waste 

into a disposal container or structure that provides stability after 

disposal. Void spaces within the waste and between the waste and 

its package shall be reduced to the extent practicable. The waste 

must maintain its physical dimensions and consistency under the 

conditions of compressive load, radiation, and biodegradation

expected to be encountered in disposal. 


Analysis: The long-term stability of the disposal site has been previously

discussed in detail and is quite important for several reasons: 


1. 	 A stable foundation is needed for the trench cover to preclude slumping,
collapse, or other failing of the trench cap; 

2. The need for active long-term maintenance is reduced; and 


3. The ability to predict long-term performance improves. 

NRC considered several alternatives that could be applied to help ensure long-

term stability. These included use of walled trenches, caissons, grouting, 

waste processing (e.g., incineration of compressible wastes), and waste segre­

gation. Based on the analyses presented in Section 5.2, NRC has selected segrega­

tion of waste as the preferred alternative since it provides the most cost-

effective solution. The short-lived low activity wastes which present low hazard 
potential over time can continue t o  be disposed of in separate segregated disposal
cells provided they meet the minimum waste form operational safety requirements
(See Chapter 6 ) .  Other longer-lived and higher activity wastes would be subject 
to the stability requirements. Given selection of segregation as part of the 
preferred alternative to provide long-term stability of the higher activity 
wastes, questions remain as to the method or methods that could be applied to 
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p lace  t h e  waste i n t o  a s t a b l e  form, t h e  d e f i n i t i o n  o f  s t a b i l i t y ,  and t h e  concen­
t r a t i o n  o f  var ious rad ionuc l i des  t h a t  would r e q u i r e  s t a b i l i t y  over t h e  long 
term. 

With respec t  t o  s t a b i l i t y ,  NRC examined a range o f  a l t e r n a t i v e s  t o  achieve 
s t a b i l i t y .  Each v a r i e s  w i t h  respec t  t o  c o s t  and impacts, b u t  each prov ides a 
means f o r  assu r ing  long-term s t a b i l i t y .  Consis tent  w i t h  ma in ta in ing  maximum 
f l e x i b i l i t y  i n  implementat ion o f  t h e  p r e f e r r e d  requirements, NRC has n o t  
se lec ted  any o p t i o n  as a p r e f e r r e d  a l t e r n a t i v e .  Rather, NRC would p r e f e r  t o  
a l l o w  l icensees t h e  f l e x i b i l i t y  o f  us ing a range o f  op t i ons  t o  account f o r  
i n d i v i d u a l  d i f f e r e n c e s ,  s i t e - s p e c i f i c  d isposal  f a c i l i t y  cond i t i ons ,  preferences 
and unique c a s t - b e n e f i t  cons iderat ions f o r  p a r t i c u l a r  wastes which cannot be 
d e a l t  w i t h  i n  t h i s  E I S .  These opt ions i nc lude :  

o The f o r m  o f  t h e  waste, as generated; 

o Processing t h e  waste i n t o  a s t a b l e  f o r m ;  

o Use o f  a h i g h  i n t e g r i t y  conta iner ;  and 

o Disposal  f a c i l i t y  design. 

Each i s  discussed i n  f u r t h e r  d e t a i l  below, i n c l u d i n g  the  incremental  costs  and 
impacts of  implementation. Chapter 7 on waste c l a s s i f i c a t i o n  presents  t h e  
r e s u l t s  o f  analyses f r o m  which r a d i o n u c l i d e  concen t ra t i on  gu ide l i nes  f o r  s t a b l e  
wastes a re  establ ished.  The d iscuss ion below reviews the  d e f i n i t i o n  o f  s t a b i l i t y  
i n c l u d i n g  t h e  t ime over which t h e  waste must be assumed t o  be s t a b l e .  NRC has 
concluded t h a t  every at tempt should be made t o  e l i m i n a t e  v o i d  spaces w i t h i n  
waste and between waste and i t s  packaging as a mat ter  of r o u t i n e  operat ions a t  
any l i c e n s e d  f a c i l i t y  generat ing waste. The increased c o s t  f o r  t h i s  seems 
minimal s ince i t  p r i n c i p a l l y  i nvo l ves  on ly  c l o s e r  a t t e n t i o n  t o  t he  packaging 
o f  waste. The cos ts  and impacts f o r  compaction o f  waste i s  i nc luded  under waste 
process ing below. 

Form o f  t h e  Waste as Generated 

I n  many cases the  form o f  t he  waste i t s e l f  w i l l  be adequate t o  p rov ide  long-term 
s t a b i l i t y ,  prov ided t h a t  t he  waste i s  n o t  packaged w i t h  o the r  compressible, 
degradable m a t e r i a l .  Th is  i s  expected t o  be t h e  case w i t h  wastes such as sealed 
r a d i o a c t i v e  sources, a c t i v a t e d  s t r u c t u r a l  s t e e l  f r o m  a nuc lear  r e a c t o r  and 
contaminated concrete where t h e r e  are e s s e n t i a l l y  no vo ids w i t h i n  t h e  waste ( o r  
waste package). Some increased costs  would be r e q u i r e d  f o r  these wastes t o  m e e t  
a s t r u c t u r a l  s t a b i l i t y  requirement. The impacts from d isposal  o f  such wastes 
would be reduced, however, due t o  decreased water i n f i l t r a t i o n  and leach ing  o v e r  
t h e  l ong  term t h a t  would be c h a r a c t e r i s t i c  o f  a s t a b l e  d isposal  area. Long-term 
care requirements would a l s o  be reduced. 

Processing t h e  Waste i n t o  a Stable Form 

Processing o f  t h e  waste i n t o  a s o l i d  s t a b l e  f o r m  cou ld  i n v o l v e  wastes which 
a r e  i n  a w e t  f o r m  such as evaporater bottoms, r e s i n s ,  and f i l t e r  sludges; and 
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loose compressible wastes such as paper t rash .  There are several  a l t e r n a t i v e s  
f o r  t reatment  o f  each which genera l l y  f a l l  i n t o  one o f  t h e  f o l l o w i n g  t w o  
categor ies:  

o S o l i d i f i c a t i o n  us ing a media such as concrete o r  s y n t h e t i c  polymer; 

o I n c i n e r a t i o n  fo l l owed  by s o l i d i f i c a t i o n .  

S o l i d i f i c a t i o n :  There are a number o f  s o l i d i f i c a t i o n  processes t h a t  a re  
c u r r e n t l y  i n  use o r  a re  be ing a c t i v e l y  marketed. These i n c l u d e  cement, urea 
formaldehyde, and o the r  s y n t h e t i c  polymers such as v i n y l  e s t e r  styrene, epoxy, 
and b i  tumen. 

Both cement and urea-formaldhyde s o l i d i f i c a t i o n  systems a r e  c u r r e n t l y  used by 
l i g h t  water reactors .  Bitumen and v i n y l  e s t e r  s tyrene a re  being a c t i v e l y  
marketed. Other s y n t h e t i c  polymer systems a re  being evaluated i n  l a b o r a t o r y  
and p i l o t  sca le s tud ies.  Because o f  t h e  number o f  p o t e n t i a l  i n d i v i d u a l  s o l i d ­
i f i c a t i o n  systems t h a t  may be marketed and thus t h e  l a r g e  number o f  p o s s i b l e  
v a r i a t i o n s  t h a t  cou ld  be appl ied,  NRC grouped t h e  systems i n t o  t h r e e  broad 
scenar ios t o  p rov ide  a manageable number f o r  e v a l u a t i o n  w h i l e  s t i l l  cover ing 
t h e  range i n  waste form c h a r a c t e r i s t i c s  t h a t  cou ld  be expected. S o l i d i f i c a t i o n  
scenar io  A assumes a c o n t i n u a t i o n  o f  e x i s t i n g  p r a c t i c e s  and assumes t h a t  
50 percent  o f  a p a r t i c u l a r  waste stream i s  s o l i d i f i e d  us ing  urea-formaldehyde 
systems and t h e  o the r  50 percent  us ing cement systems. S o l i d i f i c a t i o n  scenar io B 
assumes improved waste performance c h a r a c t e r i s t i c s  over the  prev ious case. I t  
assumes t h a t  50 pe rcen t  o f  t h e  waste stream i s  s o l i d i f i e d  us ing  cement systems 
and the  o the r  50 percent  us ing  s y n t h e t i c  polymer systems. S o l i d i f i c a t i o n  
scenar io  C assumes f u r t h e r  improved waste performance c h a r a c t e r i s t i c s  achievable 
w i t h  t h e  c u r r e n t l y  a v a i l a b l e  technology. I n  assumes t h a t  a l l  t h e  waste i s  
s o l i d i f i e d  us ing  s y n t h e t i c  polymer systems. 

The cos ts  and impacts o f  a p p l i c a t i o n  o f  these t h r e e  s o l i d i f i c a t i o n  types t o  
l i g h t  water r e a c t o r  evaporator bottoms, r e s i n s  and f i l t e r  sludge waste were 
assessed i n  Sect ion 5.2. 

I n c i n e r a t i o n :  The i n c i n e r a t i o n  o f  waste i s  n o t  u s u a l l y  s p e c i f i c a l l y  d i r e c t e d  
a t  ach iev ing  a s t a b l e  waste form. But,  i n  a d d i t i o n  t o  i n c r e a s i n g l y  s p e c i f i c  
a c t i v i t y  through reducing t h e  volume o f  waste, i n c i n e r a t i o n  o f  c e r t a i n  wastes 
does l e a d  t o  an improved and s t a b l e  waste fo rm.  This  i s  p a r t i c u l a r l y  ev iden t  
i n  the  i n c i n e r a t i o n  o f  biowastes, organic  and o the r  l i q u i d s ,  and t rash .  The 
r e s u l t i n g  ash and s o l i d s  remaining a f t e r  i n c i n e r a t i o n  c o u l d  then be s o l i d i f i e d  
o r  p laced i n  a h igh  i n t e g r i t y  con ta ine r  f o r  d i sposa l .  Several waste streams 
were i d e n t i f i e d  i n  Sect ion 5.2 which cou ld  be t r e a t e d  by i n c i n e r a t i o n .  

Use o f  High I n t e g r i t y  Containers 

NRC a l s o  considered the use o f  a h igh  i n t e g r i t y  con ta ine r  i n  l i e u  of s o l i d i f i c a ­
t i o n .  Present ly ,  t he re  i s  l e s s  a v a i l a b l e  i n f o r m a t i o n  about t h e  design character­
i s t i c s  o f  s p e c i f i c  conta iners.  Several con ta ine rs  are under e v a l u a t i o n  and 
the re  do n o t  appear t o  be any insurmountable t e c h n i c a l  problems i n v o l v e d  i n  
t h e i r  use. A t  l e a s t  one h i g h  i n t e g r i t y  con ta ine r  i s  be ing marketed today. To 
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maintain maximum flexibility in meeting the structural stability requirement, 

N R C  believes the high integrity container should be maintained as an option.

In addition to providing stability, such a container can also provide equivalent 

or better performance with respect to containment of the waste after disposal.

In some cases, such containers should be applied (e.g., in the disposal of 

large quantities of short-lived very mobile nuclides) to provide initial con­

tainment of waste for decay. Their use in this case should be evaluated on a 

case-by-case basis. 


Disposal Facility Design 


In this option, disposal facility design is utilized to provide stability in 

the same way as the high integrity container does. Several design options

including use of caissons, walled trenches and grouted backfill were considered 

and evaluated. The reader is referred to Section 5.2 and Appendix F for 

information on these design.modifications. 


Definition of Stability 


As concluded, long-term stability is important with respect to reducing potential

impacts t o  an intruder, reducing potential for migration and reducing the need 

for long-term maintenance. A specific definition of stability is needed in 

measurable terms. NRC staff believes that disposal cell subsidence of about 1 

to 1.5 feet can be tolerated without significant long-term effects. When 

considering individual disposal cells, a 1 to 1.5 foot substance would translate 

into about 5% of the assurred reference facility 8 m disposal depth. NRC staff 

also considered the weight that a package would receive if emplaced on the 

bottom of a trench covered by other emplaced waste packages and overburden. 

Assuming that the other packages were concrete with a density of 120 lbs/ft3,

and also considering additional overburden, a conservative value of 50 psi is 

derived. 
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Chapter 6 

OPERATIONAL SAFETY 

The function of a near-surface radioactive waste disposal f a c i l i t y  i s  t o  contain 
disposed radionuclides over the long term, and potent ia l  long-term impacts a re  
of major concern in l icensing an LLW disposal f a c i l i t y  and i n  determining disposal 
requirements f o r  s p e c i f i c  types and forms of waste. However, protection of 
public health and safe ty  during the operational phase o f  the disposal f a c i l i t y  
i s  a l so  of concern when licensing the f a c i l i t y  and regulating i t s  operation. 
For completeness i n  t h i s  environmental impact statement, therefore ,  potent ia l  
exposures t o  the  public due t o  o f f s i t e  radiological re leases  d u r i n g  s i t e  opera-
t i  ons a r e  considered. Potenti a1 pub1 ic exposures duri ng s i  t e  operations can 
be classed as e i t h e r  "normal" o r  "accidental , ' I  and a r e  discussed below including 
consideration of potent ia l  occupational exposures. A performance objective 
f o r  operational sa fe ty  and technical requirements i s  developed. Also considered 
i s  the processing of waste a t  a regional processing center  which f o r  purposes 
of analysis  i n  t h i s  EIS i s  assumed t o  be located a t  the disposal f a c i l i t y .  

6 .2  POTENTIAL PUBLIC IMPACTS D U R I N G  OPERATIONS AT THE DISPOSAL FACILITY 

Normal operational re leases  a t  an LLW disposal f a c i l i t y  can poten t ia l ly  occur 
through two principal routes: small spills and releases due t o  normal waste 
handling and disposal operations;  and larger  s p i l l s  and releases  due t o  opera­
t ional  accidents such as  a dropped container or  a f i r e .  Releases have a l so  
occurred a t  some exis t ing  s i t e s  as a r e s u l t  o f  water management programs involv­
ing evaporation and treatment of trench leachate.  Since the need f o r  such 
ac t ive  maintenance programs should be eliminated i n  the  fu ture ,  releases from 
such programs were not analyzed. 

6 . 2 . 1  Potential  Public Impacts From Small S p i l l s  Dur ing  Normal Operations 

Small leaks and s p i l l s  from waste containers d u r i n g  normal operations can poten­
t i a l l y  be released t o  the a i r  o r  contaminate the  ground surface which can then 
be carr ied off of the s i t e  by the actions of wind o r  p rec ip i ta t ion  run-off. 
I n  addition t o  potent ia l  public exposures, surface runoff from contaminated 
ground surfaces can i n t e r f e r e  w i t h  the f a c i l i t y  environmental monitoring program. 
For example, a t  the disposal f a c i l i t y  (now closed) located near Maxey F l a t s ,  
Kentucky, small quant i t ies  o f  rad ioac t iv i ty  have been found o f f s i t e .  Much o f  
t h i s  rad ioac t iv i ty  i s  believed t o  be due t o  runoff from surface contamination. 
The presence of t h i s  runoff contamination has increased the d i f f i c u l t y  o f  
determining other potent ia l  modes of o f f s i t e  re lease ,  such as ground-water 
migration. 

I t  i s  believed t h a t  t h e  contamination o f  the ground surfaces a t  the Maxey Flats  
f a c i l i t y  was caused by e a r l i e r  cases of inadequate waste handling and s i t e  
maintenance procedures. I t  i s  known t h a t  waste packages delivered t o  the 

6-1 




6-2 


f a c i l i t y  f r e q u e n t l y  f a i l e d  t o  p r o p e r l y  c o n t a i n  t h e  waste w i t h i n  t h e  packages 
and/or rup tu red  d u r i n g  emplacement operat ions.  I n  a d d i t i o n ,  b u l k  l i q u i d  sh ip­
ments were o f t e n  d e l i v e r e d  t o  t h e  f a c i l i t y  f o r  s o l i d i f i c a t i o n  p r i o r  t o  d isposal .  
It i s  b e l i e v e d  t h a t  i n s u f f i c i e n t  care was taken i n  hand l i ng  the  b u l k  l i q u i d  
de l  ivered.  

A t  c u r r e n t l y  ope ra t i ng  f a c i l i t i e s ,  however, cons iderably  more a t t e n t i o n  i s  be ing  
p a i d  t o  m in im iz ing  p o t e n t i a l  sur face contaminat ion.  For example, d isposal  
f a c i l i t i e s  c u r r e n t l y  i n  ope ra t i on  have procedures t o  survey f a c i l i t y  areas on 
a r o u t i n e  bas i s ,  as w e l l  as when p o s s i b l e  contaminat ion i s  suspected. A l lowable 
contaminat ion l i m i t s  have been es tab l i shed  a t  ope ra t i ng  f a c i l i t i e s  f o r  b u i l d i n g s ,  
grounds, and equipment. (The opera t i ona l  Contamination l i m i t s  f o r  one f a c i l i t y  
are prov ided i n  Appendix E.) These contaminat ion l i m i t s  may then be inspected 
aga ins t  f o r  compliance. I n  a d d i t i o n ,  mon i to r i ng  programs a t  a l l  ope ra t i ng  
f a c i l i t i e s  have been improved and r o u t i n e l y  sample f o r  o n s i t e  sur face contam­
inat ion.  

For example, Table 6 . 1  i s  a summary o f  analyses f o r  s o i l  samples c o l l e c t e d  i n  
1978 a t  t h e  f o u r  corners o f  t he  commercial d isposal  f a c i l i t y  operated by U.S. 
Ecology, I n c . ,  and l o c a t e d  i n  t h e  center  of t h e  Hanford Reservat ion near Rich-
land, Washington. The samples were c o l l e c t e d  and analyzed by the  Washington 
S ta te  Department o f  Socia l  and Heal th  Services (Ref .  1). The s t a t e  environ­
mental mon i to r i ng  sample c o l l e c t i o n  i s  i n  a d d i t i o n  t o  t h e  l i c e n s e e ' s  environ­
mental mon i to r i ng  program. 

The isotopes sampled inc lude  those from f a l l o u t  as w e l l  as n a t u r a l l y  o c c u r r i n g  
rad ionuc l i des .  Also shown i s  a range o f  s o i l  samples c o l l e c t e d  i n  var ious p a r t s  
o f  t he  Hanford Reservat ion by DOE (Ref .  2). W i t h i n  the  l a s t  f e w  years,  b o t h  
Washington S ta te  and U.S. Ecology have expanded t h e i r  mon i to r i ng  programs. 

A l s o  o f  i n t e r e s t  a re  t h e  environmental mon i to r i ng  r e s u l t s  f o r  t h e  Barnwel l ,  
South Caro l i na  d isposal  f a c i l i t y  operated by Chem-Nuclear Systems, Inc .  ( C N S I ) .  
Th i s  f a c i l i t y  c u r r e n t l y  accepts approximately 50% o f  t h e  l ow- leve l  waste i n  
t h e  country  and approximately a year ago accepted about 70%. Given the  l a r g e  
volume o f  waste rece ived  a t  t h e  f a c i l i t y ,  m o s t  o f  t he  opera t i ona l  impacts 
associated w i t h  l ow- leve l  waste d isposal  would be expected t o  be associated 
w i t h  t h i s  f a c i l i t y .  

For example, Table 6.2, obta ined from Reference 3, i s  a t y p i c a l  s e t  o f  a n a l y t i c a l  
r e s u l t s  o f  s o i l  samples c o l l e c t e d  both o n s i t e  and o f f s i t e .  As can be seen, 
t h e  concentrat ions o f  Co-60 and Cs-137 measured o n s i t e  a re  w i t h i n  t h e  range of 
measurements of  samples c o l l e c t e d  o f f s i t e .  

Thus, t h e r e  appear t o  be no s i g n i f i c a n t  releases o f  rad ionuc l i des  from t h e  
opera t i ng  s i t e s  from sur face contaminat ion.  This  i s  p r i n c i p a l l y  due t o  increased 
a t t e n t i o n  by f a c i l i t y  operators  t o  m in im iz ing  f a c i l i t y  contaminat ion.  The 
p r a c t i c e  o f  d e l i v e r i n g  b u l k  l i q u i d s  t o  d isposal  f a c i l i t i e s  f o r  s o l i d i f i c a t i o n  
has been discont inued. A l l  d isposal  f a c i l i t i e s  have l i c e n s e  c o n d i t i o n s  t h a t  
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Table 6.1 	 S o i l  Samples Co l l ec ted  a t  Boundaries o f  U.S. 
Ecology Disposal  F a c i l i t y  Located i n  Center o f  
Hanford Reservat ion 

DOE* 

Isotopes NE NW SE sw M i  n Max 

** Ce-144 .27 (-3.4 <.15 - 2 4  .62 

CS-137 .62 .08 * 24 1.2 .06 1 .9  

K-40 16 14  11 15 12 18 

Ra-226 .63 .45 .57 .64 .46 	 . 9 1  

-Ru-103 .06 c.05 ( - 0 5  <.05 -

Ru-106 .33 <.28 <.28 - 3 7  .40 .98 

Th-232 .45 .60 .80 .69 - ­
-Th-238 .63 .59 .60 .62 -

U-238 .86 .43 .87 <. 67 .07? .66T 

-Gross Beta 17 1 7  16 17 -

*From ERDA-1538 (Ref. 2). 

**Less than t h e  a n a l y t i c a l  l i m i t ,  which i s  0.1 pCi/gm. 

?Tota l  uranium. 
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Table 6.2 	 Soil Samples from Barnwell, 

South Carolina Disposal Facility 


Result 
Date Location Analysis pCi/gm Dry 

092879 C-2 Gamma Scan 137CS (6.2E-01
6oC0 (5.4E-01 

092879 C-6 I I  137CS <1.5E+00 
6oC0 (1.1E-01 

092779 "CN-14 II 137CS <Z.OE+OO 
6oC0 <1.2E-01 

092879 1-4 II 137CS <1.6E+00 
6oC0 <3.3E-01 

092879 5-4 I I  137CS <2.3E+00 
6oC0 (6.6E-01 

092879 H-3 I t  

092879 K-5 II 137CS <1.9E+00 
6oC0 <8.3E-01 

092879 1-3 I 1  137CS <I.OE+OO 
6oC0 <4.7E-01 

092779 "CN-21 II 137CS <1.6E+00 
60G0 <5.6E-01 

092779 "CN-07 I1 137CS < l . O E + O O  
6oC0 (1.2E-01 

"Onsite samples, all other samples are o f f s i t e .  
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r e s t r i c t  wastes delivered t o  the disposal f a c i l i t i e s  t o  dry s o l i d s ,  and include 
r e s t r i c t i o n s  on the amount of f r e e  standing l iqu ids  allowed i n  the  waste. Com­
pliance w i t h  Department of Transportation Regulations i s  a l so  required. Improve­
ments i n  waste form and packaging required t o  protect  the inadvertent in t ruder ,  
improve s t a b i l i t y  and reduce potential  f o r  migration will  a l so  reduce the potential  
f o r  surface contamination and subsequent re lease t o  o f f s i t e  areas. 

Other sources of normal operational re leases  may be from treatment of ra in  water 
t h a t  may c o l l e c t  i n  disposal f a c i l j t y  trenches. As discussed i n  Appendix E ,  
disposal trenches are typ ica l ly  sloped toward one s ide and one end so  t h a t  pre­
c i p i t a t i n g  water wil l  flow toward a sump where i t  can be col lected and t rea ted  
by such methods as  so la r  evaporation. Waste emplacement takes place a t  the  
high end of the trench, so t h a t  water will  flow away from exposed waste packages. 
The potent ia l  f o r  water t o  contact waste packages i s  reduced by r e s t r i c t i n g  
the amount of waste which may be emplaced before covering w i t h  s o i l .  A fu r ther  
reduction i n  contact time can a l so  be obtained by emplacement of a sandy base 
f o r  the  waste packages and by using a sandy backfi l l  material .  

Since releases  during normal operations due t o  s p i l l s  have not been s igni f icant  
and a r e  not expected t o  be significant.  i n  the fu ture ,  NRC conducted no de ta i led  
analysis  of these potential  pathways of re lease and potential  public impacts. 
The  impacts from a potent ia l  accident ( e . g . ,  dropped container or  f i r e )  a t  the 
s i t e  a re  larger .  These two pathways a r e  analyzed i n  the  next section. 

Final ly ,  additional information regarding the potential  f o r  re leases  of radio-
nuclides can be obtained through minor and r e l a t i v e l y  inexpensive improvements 
in disposal fac i  1 i t y  environmental monitoring programs. For example, as  
discussed i n  Appendix F,  a network of 10 continuous a i r  samplers i n s t a l l e d  a t  
the perimeter of the reference disposal f a c i l i t y  i s  estimated t o  cos t  approxi­
mately $9,000 (plus i n s t a l l a t i o n  charges and other i n d i r e c t  costs)  and $25,000 
per year f o r  sample analysis .  T h i s  would be estimated t o  add an additional 
$0.05/ft3 t o  the operating costs  f o r  the reference disposal f a c i l i t y .  These 
samplers can b e  very useful i n  locat ing and correct ing minor sources of atmos­
pheric re1 eases--further reduci ng potential  operational re leases .  

In summary, potent ia l  re leases  from airborne or  waterborne carry-off from con­
taminated surfaces a re  expected t o  be small. They can be fur ther  reduced t o  
negligible levels  by: 

1. 	 Continuing t o  maintain s t r i c t  housekeeping procedures t o  mai ntai  n 
potential  contamination of equipment and surfaces t o  levels  as  low 
as reasonably achievable. 

2. Improvements i n  waste form and packaging. 

3.  Enforcement o f  exis t ing  t ransportat ion regulations.  

4. M i  n o r  improvements i n  envi ronmental monitoring. 
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6.2.2 P o t e n t i a l  P u b l i c  Impacts From Operat ional  Accidents 

Dur ing t h e  opera t i on  o f  an LLW disposal  f a c i l i t y ,  p o t e n t i a l  re leases o f  r a d  
a c t i v e  m a t e r i a l  t o  the  environment can a l so  occur through o n s i t e  accidents.  
Such p o t e n t i a l  acc idents  cou ld  inc lude:  (1) t h e  sudden and complete r u p t u r  
o f  a waste con ta ine r  on t h e  s i t e  and subsequent re lease o f  a p o r t i o n  o f  t h e  
contained r a d i o a c t i v i t y  o r  (2)  a f i r e  i g n i t i n g  on the  s i t e  and consuming a 
riumber o f  waste packages, w i t h  subsequent re lease o f  a p o r t i o n  o f  t he  conta 
r a d i o a c t i v i t y  i n  t h e  waste. 

0­


ng 

ned 

The scenar io  i n v o l v i n g  the  rup tu re  o f  an i n d i v i d u a l  waste con ta ine r  i s  d i f f e r ­
e n t i a t e d  from t h e  e a r l i e r  d iscuss ion rega rd ing  the  p o t e n t i a l  f o r  minor leaks 
and s p i l l s  on t h e  s i t e .  I n  t h i s  case, i t  can be p o s t u l a t e d  t h a t  a waste con­
t a i n e r  i s  very badly  ruptured,  such as f r o m  dropping t h e  waste con ta ine r  from 
some he igh t ,  and a more s i g n i f i c a n t  q u a n t i t y  (compared w i t h  the  e a r l i e r  case) 
o f  rad ionuc l i des  are a v a i l a b l e  f o r  t r a n s p o r t  by the  a i r .  The o f f s i t e  a i rbo rne  
impacts from t h i s  p o t e n t i a l  acc iden t  would be acute ( t h a t  i s ,  impacts would 
occur over a s h o r t  t ime pe r iod ) .  The acc ident  would a l s o  contaminate a p o r t i o n  
o f  t h e  ground surface. However, as discussed i n  Sect ion 6.2.1, a l l  d isposal  
f a c i l i t i e s  c u r r e n t l y  have and w i l l  cont inue t o  have requirements i n  the  l i c e n s e  
and w r i t t e n  procedures f o r  r a p i d l y  c lean ing  up the  contaminated surface. Thus, 
p o t e n t i a l  o f f s i t e  t r a n s p o r t  f r o m  ra inwa te r  washing away t h e  contaminated ground 
sur face would be m i  nimal . 
A f i r e  p o t e n t i a l l y  a r i s i n g  on t h e  LLW disposal  f a c i l i t y  s i t e  can a l s o  r e s u l t  
i n  acute (shor t - term) a i rbo rne  releases, as w e l l  as contaminat ion o f  some o f  
t h e  ground surface. Again, t h e  impact o f  t h i s  acc ident  would be p r i n c i p a l l y  
from t h e  o f f s i t e  a i rbo rne  releases. The f i r e  cou ld  p o t e n t i a l l y  occur on a 
t r a n s p o r t  v e h i c l e  o r  i n  a group o f  waste packages s to red  o n s i t e  o r  p laced i n  
t h e  t rench  b u t  n o t  y e t  covered by ear th) .  

The types and magnitudes o f  acc idents  p o t e n t i a l l y  o c c u r r i n g  a t  an LLW disposal  
f a c i l i t y  are g e n e r a l l y  s i m i l a r  t o  those p o t e n t i a l l y  o c c u r r i n g  d u r i n g  t rans ­
p o r t a t i o n  o f  LLW t o  t h e  d isposal  s i t e .  Impacts from such p o t e n t i a l  acc idents  
have been addressed by an environmental statement on t h e  t r a n s p o r t a t i o n  o f  
r a d i o a c t i v e  m a t e r i a l  by a i r  and o the r  modes ,(Ref. 4). I n  a d d i t i o n ,  NRC has 
r e c e n t l y  pub l i shed  ( i n  J u l y  1980) a c o n t r a c t o r ' s  r e p o r t  p r o v i d i n g  an ana lys i s  
o f  p o t e n t i a l  r a d i o a c t i v e  m a t e r i a l  t r a n s p o r t a t i o n  impacts i n  urban environments 
(Ref. 5). 

Consequences from p o t e n t i a l  acc idents  are s i t e  s p e c i f i c  and would a l ready f a l l  
under e x i s t i n g  NRC r e g u l a t i o n s  i n  10 CFR P a r t  20. Such consequences would be 
addressed as p a r t  o f  normal l i c e n s i n g  reviews. However, i t  i s  use fu l  t o  cons ider  
the  p o t e n t i a l  consequences o f  ope ra t i ona l  accidents i n  t h i s  environmental impact 
statement t o  determine i f  such impacts can be p o t e n t i a l l y  reduced on a gener ic  
bas is .  The p r i n c i p a l  v a r i a b l e  which may be considered would be p o t e n t i a l  improve­
ments i n  waste forms. These p o t e n t i a l  improvements i n  waste f o r m  and reduc t i on  
i n  p o t e n t i a l  o f f s i t e  impacts a re  considered below. 
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6.2.2.1 Analys is  o f  Acc identa l  F i r e  

The methodology f o r  e s t i m a t i n g  p o t e n t i a l  impacts f r o m  the  opera t i ona l  f i r e  
acc ident  i s  descr ibed i n  Appendix G and Reference 6 .  For t h i s  scenar io,  a 
f i r e  i s  assumed t o  break o u t  i n  a d isposal  t r e n c h  and i n v o l v e  about 50 m3 o f  
waste. Th is  volume i s  est imated from an assumed volume o f  200 m3 o f  waste 
rece ived  d a i l y  a t  t h e  d isposal  f a c i l i t y ,  which corresponds t o  about one 
m i l l i o n  m3 o f  waste over 20 years.  Two disposal  c e l l s  a re  assumed t o  be 
simultaneously i n  operat ion,  and h a l f  o f  t h e  waste i n  one o f  t h e  d isposal  
c e l l s  i s  subjected t o  t h e  acc iden ta l  f i r e  scenar io.  (The o the r  h a l f  i s  
assumed t o  be covered w i t h  back f i l l . )  The f i r e  i s  assumed t o  l a s t  f o r  two 
hours, which i s  conservat ive cons ide r ing  t h a t  a p o t e n t i a l  f i r e  can e a s i l y  be 
ext inguished through cover ing w i th  s o i l ,  and en t ra ined  rad ionuc l i des  a re  a l l  
assumed t o  t r a v e l  i n  one d i r e c t i o n  and r e s u l t  i n  exposures t o  an i n d i v i d u a l  
l o c a t e d  a t  t h e  f a c i l i t y  boundary i n  the  c e n t e r l i n e  o f  t h e  contaminated plume. 

I n  t h i s  environmental impact statement, no c r e d i t  i s  g i ven  f o r  reduc t i on  i n  
a i r b o r n e  re leases due t o  waste packaging-- that  i s ,  metal waste conta iners such 
as l i n e r s  o r  55-gal lon drums would tend t o  r e t a r d  the  spread o f  f i r e s  from one 
waste con ta ine r  t o  another. However, t he  p ropens i t y  o f  each waste stream t o  
burn i s  considered and inco rpo ra ted  i n t o  the  c a l c u l a t i o n s .  Each o f  t he  36 waste 
streams f o r  each waste spectrum are r a t e d  according t o  t h e i r  i n a b i l i t y  t o  burn 
and assigned a value f o r  t h e  f l a m m a b i l i t y  index (14) as fo l l ows :  (See 
Appendices D and G) 

F lammabi l i ty  Index (14) 

0 

1 

2 

3 

D e s c r i p t i o n  

nonflammable 

l o w - f l  ammabi 1it y  (mixture 
o f  ma te r ia1 w i t h  in d ices 
o f  0 and 2) 

burns i f  heat i s  a p p l i e d  
b u t  does n o t  otherwise 
support  bu rn ing  

flammable (supports 
burning) 

I n  t h e  ana lys i s ,  t h e  use of t h e  i n d i c e s  i s  determined by the  opera t i ng  p r a c t i c e s  
a t  t h e  d isposal  f a c i l i t y .  I f  waste segregat ion i s  n o t  p r a c t i c e d  a t  t h e  d isposal  
f a c i l i t y  ( i - e . ,  a l l  waste streams a r e  disposed randomly and mixed together) ,  
then t h e  f r a c t i o n  o f  r a d i o a c t i v i t y  re leased from each waste stream i s  g iven by 

t h e  r e l a t i o n s h i p  0 . 1  x 20. (14-3) By t h i s ,  flammable waste streams (I4=3), are 
assumed t o  re lease  t h e  f r a c t i o n  0 . 1  o f  t h e  r a d i o a c t i v i t y  w i t h i n  t h e  waste 
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packages involved i n  t h e  f ire .  Other waste streams hav ing  f 1ammabi1it y  i n d i c e s  
equal t o  0, 1, o r  2 would n o t  o r d i n a r i l y  bu rn  by themselves. However, because 
these streams a re  assumed t o  be i n v o l v e d  i n  t h e  f i r e ,  a f r a c t i o n a l  re lease i s  
assumed f o r  each stream which i s  a f u n c t i o n  o f  t he  value o f  I 4  f o r  t h e  stream. 
An except ion  i s  a c t i v a t e d  metals,  which a re  always assumed t o  have a f r a c t i o n a l  
re lease equal t o  zero. 

I f  waste segregat ion  i s  p r a c t i c e d  ( i . e . ,  combustible m a t e r i a l  i s  separated and 
disposed i n  a segregated manner from o t h e r  waste streams), then o n l y  t h e  combust­
i b l e  m a t e r i a l  would be i n v o l v e d  i n  t h e  f i r e .  I n  t h i s  case, t h e  f r a c t i o n a l  re lease  
from t h e  flammable waste streams would s t i l l  be equal t o  0 . 1  b u t  t h e  f r a c t i o n a l  
re leases from t h e  o the r  waste streams ( I 4  = 0, 1, o r  2) would be equal t o  zero. 

The impacts f rom a p o t e n t i a l  acc iden ta l  f i r e  a re  shown i n  Table 6.3. Table 6 . 3  
summarizes t h e  impacts c a l c u l a t e d  from each o f  t h e  36 waste streams, assuming 
50 m3 o f  each waste stream i s  i n v o l v e d  i n  a f i r e .  Th is  i s  done t o  compare t h e  
r e l a t i v e  impacts o f  each waste stream from one spectrum t o  t h e  next. Also shown 
i n  Table 6 . 3  i s  a volume-weighted average o f  impacts from a l l  waste streams. 
T h i s  i s  numer i ca l l y  equ iva len t  t o  t h e  assumption t h a t  o f  t h e  50 m3 o f  waste 
assumed t o  be i nvo l ved  i n  the  f i r e ,  t h e  amount o f  each waste stream invo lved  
i n  t h e  f i r e  i s  p r o p o r t i o n a l  t o  t h e  f r a c t i o n a l  volume o f  each waste stream 
d e l i v e r e d  t o  t h e  d isposa l  f a c i l i t y .  I t  i s  used as a "hazard index" f o r  f i r e s  
a t  t h e  d isposa l  f a c i l i t y .  

As shown i n  Table 6.3,  t h e  p r a c t i c e  o f  waste segregat ion would tend t o  reduce 
t h e  o v e r a l l  p o t e n t i a l  hazard from an acc iden ta l  f i r e .  As can be seen, t h e  volume 
weighted impacts f o r  Case 1are  about 5.5 mrem,to t h e  whole body and 32 mrem 
t o  t h e  lung. However, i n  Case 4A, i n  which waste segregat ion i s  p r a c t i c e d  a t  
t h e  d isposa l  f a c i l i t y ,  volume-weighted whole body and lung  exposures a re  reduced 
t o  3.9 and 18.7 mrem, r e s p e c t i v e l y .  I n  Case 1, a s i n  a l l  cases, t h e  releases 
from a c t i v a t e d  metals (P-NCTRASH, B-NCTRASH, F-NCTRASH, LNFRCOMP, and N-HIGHACT) 
are  taken t o  be e s s e n t i a l l y  zero. I n  a d d i t i o n ,  s ince  n e i t h e r  t h e  N-SOURCES o r  
t h e  L-DECONRS streams are  c l a s s i f i e d  as be ing  s u i t a b l e  f o r  near-surface d i sposa l ,  
t h e  impact from these two streams i s  a l s o  zero. 

Waste spectrum 1was assumed f o r  bo th  Cases 1 and 4A. However, waste spectrum 
2 was assumed f o r  Case 7A w h i l e  waste spectrum 3 was assumed f o r  Case 8. I n  
waste spectrum 2, p r i o r  t o  d e l i v e r y  t o  t h e  d isposa l  f a c i l i t y ,  compressible waste 
streams such as P-COTRASH o r  I -COTRASH a re  assumed t o  be processed by compaction 
a t  t h e  waste generator w h i l e  t h e  I+COTRASH, N+SSTRASH, and N+COTRASH a re  assumed 
t o  be processed by an improved compactor/shredder a t  a reg iona l  p rocess ing  center .  
As shown i n  Case 7A, the re fo re ,  es t imated  impacts from t h e  acc iden ta l  f i r e  a re  
increased (due t o  increased r a d i o n u c l i d e  concent ra t ions)  f o r  t h e  waste streams 
s u b j e c t  t o  processing. As a r e s u l t ,  o v e r a l l  volume-weighted impacts a re  increased 
r e l a t i v e  t o  t he  preceeding two cases. 

Th is  may be a cons iderab le  overest imate,  however. Although compaction increases 
t h e  concen t ra t i on  o f  rad ionuc l i des  i n  t h e  packaged wastes, i t  a l s o  produces a 
waste form which i s  a p t  t o  burn a t  a slower r a t e .  Th is  would be expected t o  
reduce t h e  f r a c t i o n  o f  rad ionuc l i des  re leased i n t o  a i r .  
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In waste spectrum 3 (Case 8), most of the compressible waste streams are 
incinerated and the ashes solidified. As a result, these waste streams are 
convented into a nonflammable form. Volume-weighted impacts to body and bone 
are reduced to 2.4 mrem and 2.2 mrem, respectively. 

6.2.2.2 Analysis of Dropped Container 

The methodology for estimating potential impacts from the dropped-container
operational accident scenario is described in Appendix G and Reference 6. For 
this scenario, a waste container is assumed to be dropped from a significant
height so that the waste container breaks open and a portion of the radioactive 
contents of the package i s  released into the air where it is transported offsite 
and leads to subsequent human exposure. Potential releases are modeled as a 
"puff", and resulting human exposure would occur over a short time period.
The potential exposures from this scenario are a strong function of the form 
of the waste delivered to the disposal facility--i.e., improved, less 
dispersible waste forms lead to lower potential releases and reduced potential
human exposures. 

In a similar manner t o  Section 6.2.2.1,impacts are first calculated for an 
equal volume of each of the 34 waste streams delivered to the disposal facility.
(The N-SOURCES and L-DECONRS streams are excluded.) This allows comparison of 
the re?ative impacts of each waste stream from one spectrum to the next. Then, 
a volume-weighted average of impacts from all waste streams delivered to the 
disposal facility i s  calculated. This can be again envisioned as a "hazard 
index" for a dropped container accident at the diposal facility. Calculation 
of impacts is complicated by the fact that wastes are delivered to the disposal
facility in a variety o f  container sizes--from 55-gallon drums to large wooden 
boxes to large carbon-steel liners. To calculate impacts, some simplifying
assumptions must be made. This is acceptable with the understanding that the 
main purpose of this analysis is to compare the relative hazard of different 
waste forms. 

The container size, therefore, is assumed to be 4.8 m3 (170 ft3), which is the 
size of a typical resin liner. This size is reasonable for many high activity 
waste streams (such as resins and filter media) but is a considerable overestimate 
f o r  wastes packaged in 55-gallon drums (.21 m3) but much less of an overestimate 
for wastes packaged in large wooden boxes (e.g., a 4' x 4' x 8' box has a volume 
o f  128 ft3, or 3 . 6 3  m 3 > .  

Unsolidified waste streams such as trash are assumed to have a fractional release 
equal to 0.001. This value is believed to be very conservative and i s  the same 
as the dispersible fraction applied to dispersion of powdered Pu02 from waste 

packages involved in transportation accidents (Ref. 6). However, this fractional 

release is multiplied by a factor which accounts for the relative dispersibility

of improved waste forms. This factor is determined by the leachability 


index('" and is given as IO (l-16). Values calculated for this factor as a 
function o f  I6 are given as follows: 
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I6 


1 

2 

3 

4 

Waste Form 

no s o l i d i f i c a t i o n  1 

s o l i d i f i c a t i o n  i n  h a l f  cement 0 . 1  
and ha1f urea- formal dehyde 

s o l i d i f i c a t i o n  i n  h a l f  cement 0 .01 
and h a l f  s y n t h e t i c  polymer 

s o l i d i f i c a t i o n  i n  100% 0.001 
s y n t h e t i c  polymer 

The p roper t y  values f o r  t h i s  comparative d i s p e r s i b i l i t y  a re  based upon consider­ 

a t i o n  o f  comparative mechanical s t rengths  (compressive, unnotched I z o d  impact, 

and f ragmentat ion t e s t s )  measured f o r  t h e  waste forms (Ref. 7). Again, t h e  

d ispe rs ion  from a c t i v a t e d  metals i s  assumed t o  be n e g l i g i b l e .  


Upon re lease from t h e  waste packages, t h e  en t ra ined  r a d i o a c t i v e  p a r t i c l e s  a re  

conserva t i ve l y  assumed t o  t r a v e l  i n  one d i r e c t i o n  and r e s u l t  i n  exposures t o  

an i n d i v i d u a l  l oca ted  a t  t h e  f a c i l i t y .  boundary i n  t h e  c e n t e r l i n e  o f  t h e  

contaminated p l  ume. 


The c a l c u l a t e d  impacts a re  g iven i n  Table 6.4 f o r  waste spec t ra  1through 3. 

The improvement i n  r e l a t i v e  impacts i s  s i g n i f i c a n t  f rom one spectrum t o  t h e  next.  

Comparing Case 1 (waste spectrum 1) wi th  Case 7A (waste spectrum 2), r e l a t i v e  

impacts associated w i t h  LWR process wastes ( P - I X R E S I N  t o  B-FSLUDGE streams) a re  

cons iderab ly  reduced. A f u r t h e r  reduc t i on  i n  r e l a t i v e  impacts i s  seen f o r  Case 8 

(waste spectrum 3). 


For some streams, such as P-COTRASH and N-LOTRASH, r e l a t i v e  impacts a re  r a i s e d  

f o r  waste spectrum 2 b u t  drop t o  lower  l e v e l s  ( than waste spectrum 1) f o r  waste 

spectrum 3. Th is  i s  because i n  waste spectrum 2, such waste streams a re  compacted 

and t h e  r e s u l t i n g  rad ionuc l i de  concentrat ions are  ra ised.  However i n  waste 

spectrum 3, these waste streams a re  i n c i n e r a t e d  and s o l i d i f i e d  i n  a s y n t h e t i c  

polymer. Al though rad ionuc l i de  concentrat ions are  ra ised ,  t h e  improved 

s o l i d i f i e d  waste form r e s u l t s  i n  lowered re leases and lowered r e l a t i v e  impacts. 

(Compacting t h e  waste (as i n  waste Spectrum 2) would a l s o  be expected t o  r e s u l t  

i n  a form which i s  l e s s  r e a d i l y  d i spe rs ib le .  Th is  cons idera t ion ,  however, was 

n o t  i nc luded  i n  t h e  c a l c u l a t i o n s .  1 


As can be seen, t h e  t o t a l  volume weighted impacts a re  1.8 mrem whole body and 

16.8 t o  t h e  l ung  f o r  Case 1. However, these drop f o r  Case 7A by respec t i ve  

f a c t o r s  o f  12  and 17 t o  .15 mrem whole body and 1mrem t o  t h e  lung. For Case 8, 

volume weighted impacts t o  whole body and lung  a re  f u r t h e r  reduced (by addi­ 

t i o n a l  f a c t o r s  o f  2.5 and 3) t o  .058 mrem and .033  mrem, respec t i ve l y .  C lea r l y ,  

a l a r g e  improvement i n  r e l a t i v e  hazard i s  shown f o r  waste spectrum 2 (where a l l  

sludges and f i l t e r  media a r e  s o l i d i f i e d )  over waste spectrum 1 (where sludges 
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Table 6.4 	 Stream-by-Stream Impacts t o  Whole Body and Lung from Dropped-
Container Acc ident  (mrem) 

Case 1 (Wsl)" Case 7A (WS2) Case 8 (WS3) 

Stream Body Lung Body Lung Body Lung 


P - I X R E S I N  2.075E-01 l . l l O E + O O  1.257E-03 6.730E-03 1.037E-04 5.552E-04 

P-CONCLIQ 4.456E-02 3.706E-01 2.056E-02 1.710E-01 1.871E-03 1.556E-02 

P-FSLUDGE 5.956E+00 5 e 651E+01 3.610E-02 3.425E-01 2.978E-03 2. a 2 6 ~ - 0 2  

P-FCARTRG 1.027E+01 1.039E+02 1.027E-01 1.039E+00 1.027E-02 1.039E-01 

5- I X R E S I N  1.617E+01 1.441E+02 9.798E-02 8.734E-01 8.083E- 03 7.206E-02 

5- CONC L I Q  1.452E-01 1.175E+00 3.126E-02 2.530E-01 2.439E-03 1.974E-02 

B-FSLUDGE 2.280E+01 2.241E+02 1.382E-01 1.358E900 1.140E-02 1.120E-01 

P-COTRASH 1.278E-01 1.191E+OO 2.557E-01 2.383E+00 5.1P5E- 03 4.766E-02 

P- NCTRASH 0. 0. 0. 0. 0. 0. 

B-COTRASH 1.000E-01 9.494E-01 2.000E-01 1.899E+00 4.000E-03 3.798E-02 

B-NCTRASH 0. 0. 0. 0. 0. 0. 

F-COTRASH 3.287E-05 5.879E-02 4.930E-05 8.819E-02 6.574E-07 1.176E-03 

F-NCTRASH 0. 0. 0. 0. 0. 0. 

I-COTRASH 2.133E-01 9.235E-01 4.266E-01 1.847E+00 2.129E-03 9.231E-03 

I+COTRASI! 2.133E-01 9.235E-01 8.531E-01 3.694E+00 8.517E-03 3.692E-02 

N-SSTRASH 6.574E-05 1.176E-01 9.860E-05 1.764E-01 3.287E- 07 5.879E-04 

N+SSTRASH 6.574E-05 1.176E-01 1.972E-04 3.528E-01 1.315E-06 2.352E-03 

N- LOTRASH 6.664E-02 2.886E-01 1.333E-01 5.772E-01 6.652E-04 2.885E-03 

[\I+ LOTRASH 6.664E-02 2.886E-01 2.666E-01 1.154E+00 2.661E-03 1.154E-02 

F-PROCESS 6.386E-04 1.142E+00 6.386E-04 1.142E+00 6.386E-04 1.142E+00 

U- PROCESS 2.163E-03 3.958E+00 2.163E-03 3.958E+00 2.163E-03 3.958E+00 

I- LQSCNVL 1.162E-01 9.597E-04 1.487E-01 1.228E-03 7.878E- 04 6.460E-06 

I+LQSCNVL 1.162E-01 9.597E-04 1.162E- 0 1  9.597E- 04 1.162E-01 9.597E-04 

I -ABS LIQD 2.047E-01 9.165E-01 3.722E-03 1.666E-02 3.071E- 04 1.375E-03 

I+ABSLIQD 2.047E- 0 1  9.165E- 0 1  2.047E-01 9.165E-01 2.047E-01 9.165E-01 

I-B IOWAST 3.720E-01 1.902E-01 3.72OE-01 1.902E-01 5.351E-03 2.733E-03 

I+BrowAsT 3.720E-01 1.902E-01 3.72OE-01 1.902E-01 3.720E-01 1.902E-01 

N-SSWASTE 1.278E-03 2.286E900 1.278E-03 2.286E+00 1.278E-03 2.286E+00 

N- LOWASTE 1.184E-01 1.307E-01 1.184E-01 1.307E-01 1.184E- 01  1.307E-01 

L-NFRCOMP 0. 0. 0. 0. 0. 0. 

L-DECONRS 0. 0. 0. 0. 0. 0. 

N-ISOPROD 3.980E+00 1.407E-01 2.587E-01 9.146E-03 2.587E-01 9.146E-03 

N- bl IGHACT 0. 0. 0. 0. 0. 0 

N-TRIT IUM 9.694E+00 9.694E+00 9.694E+00 9.694E+00 9.694E+00 9 ~ 694E+OO 

N-SOURCES 0. 0. 0. 0. 0. 0. 

N-TARGETS 3.345E-01 3.345E-01 3.345E-01 3.345E-01 3.345E-01 3.345E-01 


Vo 1ume-

Weighted 

Impacts 1.783E+O 1.676E+l 1.46QE-1 9.680E-1 5.791E-2 3.288E-1 


"Waste spectrum 1 
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and f i l t e r  media a re  assumed t o  be dewatered). A much smaller improvement i s  
seen f o r  waste spectrum 3 (incorporating fur ther  improved waste forms) r e l a t i v e  
t o  waste spectrum 2. 

High i n t e g r i t y  containers (HICs) have not been spec i f ica l ly  analyzed i n  t h i s  
environmental impact statement f o r  t h e i r  behavior under accident conditions. 
However, t o  perform t h e i r  function, HICs would be expected t o  be constructed 
i n  a more r o b u s t  manner than ordinary waste containers such as  carbon s tee l  
l i n e r s .  Therefore, the potent ia l  hazard from operational accidei-ks f o r  wastes 
(such as dewatered res ins)  packaged in HICs would a l so  be expected t o  be reduced. 

6 .2 .2 .3  Summary 

The preceeding analysis  examined the r e l a t i v e  hazard from operational accidents 
a t  a disposal f a c i l i t y  involving e i t h e r  (1) a potential  f i r e  i n  a d i s  
o r  (2)  a potentia'l dropped container which breaks open and disperses 
of i t s  contents i n t o  the a i r .  In general ,  i t  was determined t h a t  actions t h a t  
have previously been determined t o  reduce potent ia l  long-term impacts from ground 
water migration or  inadvertent human i n t r u s i o n  a l so  reduced short-term impacts 
from potent ia l  accidents. For example, segregation of compressible, e a s i l y  
degradable waste streams from s tab le  waste streams reduces intruder  imp 
ground-water impacts, and long-term care costs .  Since most of  these co 
waste forms are  a l so  flammable, waste segregation i s  a l so  seen t o  reduce 
potent ia l  impacts from an accidental operational f i r e .  

As another example, use of improved waste forms or  high i n t e g r i t y  containers 
were a l so  shown  t o  reduce intruder  impacts, ground-water impacts, an 
costs .  Improved waste forms and high i n t e g r i t y  containers would a l so  a c t  t o  
reduce impacts from an accidental ly  dropped container. 

6.3 OCCUPATIONAL EXPOSURES 

Occupational exposures would occur through normal operations i n  the  surveying 
of incoming packages and t ransport  vehicles and i n  unloading and waste ernplace­
ment operations. Limits f o r  occupational exposures have already been establ ished 
i n  the  ex is t ing  regulati-on 10 CFR Part  20. Past his tory a t  the ex is t ing  burial  
s i t e s  has shown  t h a t  occupational exposures have been w i t h i n  the  ex is t ing  guid­
ance f o r  such exposures i n  1 0  C F R  Par t  20. Licensee programs t o  minimize 
exposures a re  routinely analyzed as p a r t  of normal l icensing act ions a t  ex is t ­
ing disposal f a c i l i t i e s .  The occupational exposures received based on analysis 
o f  the  base case f a c i l i t y  and a l te rna t ives  considered have been previously 
summarized i n  Chapters 4 and 5. 

6 . 4  PERFORMANCE OBJECTIVE 

The NRC regulat ion,  10 C F R  20,  already provides standards f o r  control o f  and 
l imitat ions f o r  re lease of radioactive materials t o  the environment from opera­
t i o n s  o f  NRC-licensed f a c i l i t i e s ,  as well as l imitat ions on the  allowable 
radiat ion doses t o  radiat ion workers and the  public. 
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Limits in Part 20 for potential exposures to individuals in unrestricted areas 
are 0.5 rem (500 mrem) per year to the whole body of individuals in unrestricted 
areas. The regulation also provides in Appendix 5 ,  Table 11, a table of maximum 
permissible concentrations (MPCs) of radionuclides in air or water from releases 
to unrestricted areas. These MPC values are based upon a maximum potential
whole body dose commitment to an individual of 500 mrem/year, Limits for other 
organs include 500 inredyear to blood forming organs, 3000 mredyear to bone 
surfaces, and 1500 mrem/yr to other organs except thyroid. For thyroid, a limit 
of 3000 mrem/yr was used except for exposures from radioiodine, for which a 
limit of 1500 mrem/yr to a childs thyroid was used. Also contained in the 
regulation is a requirement that potential exposures to individuals and popula­

tions should be maintained to levels as low as reasonably achievable (ALARA).

In practice releases to unrestricted areas and potential exposures from NRC 

and Agreement State licenses are maintained well below the 500 mrem/year limit. 


For normal operations of a disposal facility, therefore, standards in 10 CFR 
Part 20 a1ready exist and are already being applied. Faci1i ty compliance with 
this standard is already routinely assessed as part of normal licensing
procedures. 

6.5 DEVELOPMENT OF TECHNICAL CRITERIA 

As discussed in Section 6.4,the proposed performance objective for potential
offsite and occupational impacts during operation of the disposal facility is 
t o  continue to apply the radiological health and safety requirements in the 
existing regulation 10 CFR Part 20. In applying this performance objective to 
existing and future disposal facilities, one alternative approach would be to 
set out in 10 CFR Part 61 a number of prescriptive requirements for safe opera­
tion of disposal facilities. However, NRC staff believes that this alternative 
can lead to a number of practical difficulties. For example, measures which 
could be used to minimize potential operational releases will be influenced by
site-specific conditions at the particular disposal facility site considered. 
More importantly, detailed prescriptive requirements would inhibit incorporation
of potential improvements in site safety. 

6.5.1 Licensing Review of Applicants Operational Health and Safety Program 

Based upon past NRC licensing staff experience, a licensee’s operational pro­
cedures and programs for compliance with the operational safety performance
objective would be evaluated on a case-by-case basis. Each applicant for a 
license would be required to establish and implement such programs and would 
be required to describe such programs in detail in h i s  license application.
The acceptability of each licensee’s operational procedures and programs would 
be evaluated as a part of the licensing process on a case-by-case basis 
considering the nature and scope of the operations t o  be conducted at the disposal
facility. Following this evaluation and as a part of the licensing of a disposal
facility, the licensee would be required to formally compile the final procedures
into a site operations manual that would be utilized by the licensee for oper­
ation of the facility. Any subsequent and significant changes to the manual 
would be subject to NRC review. 
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The nature,  d e t a i l s  and cos ts  o f  rep resen ta t i ve  procedures and programs have 
been inc luded  i n  Appendix E as a p a r t  o f  t h e  d e s c r i p t i o n  o f  a t y p i c a l  d isposal  
f a c i l i t y .  The cos ts  and impacts o f  these programs have been inc luded i n  t h e  
analyses o f  t h e  base case t y p i c a l  f a c i l i t y .  Some o f  t h e  procedures and programs 
which would be analyzed as p a r t  o f  a s p e c i f i c  a p p l i c a t i o n  would i nc lude  t h e  
f 011owi ng: 

o 	 The a p p l i c a n t ' s  r a d i a t i o n  s a f e t y  program f o r  c o n t r o l  and mon i to r ing  
o f  r a d i o a c t i v e  e f f l u e n t s  and occupat ional  r a d i a t i o n  exposure t o  demon­
s t r a t e  compliance w i t h  t h e  P a r t  20 requirements and t o  c o n t r o l  contam­
i n a t i o n  o f  d isposal  f a c i l i t y  personnel ,  veh ic les ,  equipment, b u i l d i n g s ,  
and t h e  grounds. Both r o u t i n e  opera t ions  and acc idents  would be 
addressed, and t h e  program d e s c r i p t i o n  would i nc lude  procedures, i n s t r u ­
mentat ion,  f a c i l i t i e s ,  and equipment. 

o 	 The a p p l i c a n t ' s  q u a l i t y  assurance program f o r  s i t i n g ,  design, const ruc­
t i o n ,  and opera t ion  o f  t h e  d isposal  f a c i l i t y ,  and t h e  r e c e i p t ,  handl ing,  
and emplacement o f  waste. Aud i ts  and managerial c o n t r o l s  would be 
inc luded as p a r t  o f  t h i s  program. 

o 	 The a p p l i c a n t ' s  procedures and p lans  f o r  cons t ruc t i on  and opera t ion  
o f  t h e  d isposal  f a c i l i t y .  These would i nc lude  methods o f  construc­
t i o n ;  waste emplacement; procedures f o r  and areas o f  waste segrega­
t i o n ;  types o f  i n t r u d e r  b a r r i e r s ;  o n s i t e  t r a f f i c  and drainage systems; 
methods and areas o f  waste storage; and methods t o  c o n t r o l  sur face 
water and ground-water access t o  t h e  wastes. 

o 	 The a p p l i c a n t ' s  environmental mon i to r ing  program t o  p rov ide  data t o  
evaluate p o t e n t i a l  hea l th  and environmental impacts, as w e l l  as p lans 
For t a k i n g  c o r r e c t i v e  measures i f  m ig ra t i on  o f  rad ionuc l ides  i s  
ind i  cated. 

o The a p p l i c a n t ' s  a d m i n i s t r a t i o n  procedures t o  c o n t r o l  a c t i v i t i e s  

o The a p p l i c a n t ' s  phys ica l  s e c u r i t y  measures. 

o 	 I f  t h e  a p p l i c a t i o n  inc ludes  t h e  proposed r e c e i p t ,  possession, and 
d isposal  o f  spec ia l  nuc lear  m a t e r i a l ,  t h e  procedures and p rov i s ions  
f o r  c r i t i c a l  it y  c o n t r o l .  

6 .5 .2  Minimum Waste Form and Packaging Requirements 

There a r e  s t i l l  a number o f  t echn ica l  requirements t h a t  can be app l i ed  t o  waste 
form and packaging which w i l l  he lp  t o  f u r t h e r  improve opera t iona l  sa fe ty .  The 
analyses i n  Sect ion 6 .2  i n d i c a t e d  t h a t  p l a c i n g  t h e  h igher  a c t i v i t y  waste streams 
such as i o n  exchange res ins  i n t o  a l e s s  d i s p e r s i b l e  waste form ac ts  t o  improve 
opera t iona l  sa fe ty .  Th is  can be accomplished by such techniques as waste s o l i d ­
i f i c a t i o n  o r  use o f  h igh  i n t e g r i t y  conta iners.  However, wastes d e l i v e r e d  t o  
d isposal  f a c i l i t i e s  a re  composed o f  a v a r i e t y  o f  forms and rad ionuc l ides  conta ined 
i n  these wastes may vary over a wide range. 
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Over t h e  years,  a number o f  general waste f o r m  and packaging requirements have 
been developed and a p p l i e d  a t  d isposal  f a c i l i t i e s  t o  p rov ide  p r o t e c t i o n  o f  t h e  
h e a l t h  and s a f e t y  o f  s i t e  workers, t o  f a c i l i t a t e  hand l i ng  o f  waste, and t o  
minimize t h e  p o t e n t i a l  f o r  re leases t o  o f f s i t e  areas. These requirements have 
been condensed f r o m  cons ide ra t i on  of  c u r r e n t  p r a c t i c e  a t  e x i s t i n g  d isposal  
f a c i l i t i e s .  These requirements have a l s o  been inc luded as a p a r t  o f  t h e  base 
case f a c i l i t y  d e s c r i p t i o n  and the  costs  and impacts a re  r e f l e c t e d  i n  t h e  cos ts  
and impacts o f  t he  base case. They are discussed i n  f u r t h e r  d e t a i l  below. 
These requirements are thus a c o d i f i c a t i o n  o f  e x i s t i n g  p r a c t i c e  and include: 

1. 	 Requirement - The waste form and packaging must meet a l l  a p p l i c a b l e  
t r a n s p o r t a t i o n  requirements o f  t h e  Commission as s e t  f o r t h  i n  10 CFR 
P a r t  7 1  and o f  t h e  Department o f  T ranspor ta t i on  (DOT) as s e t  f o r t h  
i n  49 CFR Pa r t s  171-179. Wastes, however, s h a l l  n o t  be packaged f o r  
d isposal  i n  cardboard, f i be rboard ,  o r  o the r  paper packages. Wastes 
s h a l l  a l s o  n o t  be i n  a l i q u i d  form o r  con ta in  l i q u i d  exceeding 1% o f  
t h e  waste volume. Absorbants may be used f o r  i m m o b i l i z a t i o n  o f  l i q u i d  
waste, prov ided t h a t  s u f f i c i e n t  absorbant m a t e r i a l  i s  used t o  absorb 
t w i c e  the  volume o f  l i q u i d .  L i q u i d  s c i n t i l l a t i o n  f l u i d s  and o the r  
l i q u i d s  and r a d i o a c t i v e  m a t e r i a l s  i n  i n d i v i d u a l  u n i t s  o r  v i a l s  used 
f o r  c l i n i c a l  o r  l a b o r a t o r y  t e s t i n g  may be packaged and disposed o f  
prov ided the  u n i t s  o r  v i a l s  a re  packaged i n  s u f f i c i e n t  absorbant 
m a t e r i a l  t o  absorb t w i c e  t h e  t o t a l  volume o f  l i q u i d  conta ined i n  t h e  
u n i t s  o r  v i a l s .  

Analysis:  The minimum requirements on waste f o r m  and packaging s e t  ou t  i n  DOT 
and NRC r e g u l a t i o n s  f o r  t r a n s p o r t a t i o n  are o f  pr imary importance w i t h  respec t  
t o  t h e  hand l i ng  of  the waste d u r i n g  storage, t r a n s p o r t a t i o n  and d isposal .  If 
package i n t e g r i t y  i s  maintained d u r i n g  emplacement w i th in  d isposal  c e l l s ,  t he  
package can a l s o  p rov ide  an i n i t i a l  b a r r i e r  t o  t h e  re lease o f  package contents  
a f t e r  d isposal .  Separate requirements on the  packaging o f  waste c o u l d  be estab­
l i s h e d  based on i n d i v i d u a l  requirements f o r  storage, t r a n s p o r t a t i o n  and d isposal  
For most wastes and f o r  t h e  normal and acc ident  c o n d i t i o n s  encountered d u r i n g  
storage, t r a n s p o r t a t i o n  and d isposal ,  NRC be l i eves  the  requirements imposed 
f o r  safety  i n  t r a n s p o r t a t i o n  a re  adequate and no a d d i t i o n a l  requirements a re  
needed. ( I n  some cases, overpacks a re  a l s o  used t o  p rov ide  a d d i t i o n a l  s h i e l d i n g  
d u r i n g  t r a n s p o r t a t i o n . )  NRC be l i eves ,  however, t h a t  t h e  use o f  cardboard o r  
paper packages should be d iscont inued because they can e a s i l y  rup tu re ,  contam­
i n a t i n g  waste t r a n s p o r t  veh ic les  and s i t e  surfaces, as w e l l  as increase occupa­
t i o n a l  exposures. I n  t h e  pas t ,  t h e r e  have been several  instances where card­
board o r  f i b r e b o a r d  conta iners have been improper ly  stacked d u r i n g  t ranspor ta ­
t i o n  and have been cracked by heavier  wastes packages, thus contaminat ing t h e  
waste t r a n s p o r t  veh ic le .  I n  a d d i t i o n ,  cardboard o r  paper packages may r e a d i l y  
compress a f t e r  d i sposa l .  For some wastes, however fe.g. ,  l a r g e  q u a n t i t i e s  o f  
very  mobi le nuc l i des  such as t r i t i u m ) ,  the use o f  s p e c i a l l y  designed con ta ine rs  
t h a t  would r e t a r d  t h e  re lease o f  package contents a f t e r  d isposal ,  a l l o w i n g  f o r  
decay, should be considered and used. NRC p lans t o  review these on a case­
by-case bas i  s .  

The d isposal  o f  b u l k  q u a n t i t i e s  o f  l i q u i d  waste should n o t  be al lowed because 
o f  t he  increased p o t e n t i a l  f o r  more r a p i d  m i g r a t i o n  and t h e  demonstrated 
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increased potential for contamination of facility ground and equipment. Liquids,
however, cannot be economically totally excluded from wastes, and NRC is applying 
a limit of I.% of the volume o f  the waste as a "free liquid requirement." NRC 
considered elimination of the use of absorbent material for liquid wastes but 
recognizes that certain types of liquids (e.g., organic solvents and oils) are 
quite difficult to solidify at this time. The use of  absorbent materials should 
be allowed to continue for the low activity wastes until better processes for 
solidification or alternatives such as incineration are available. 

No incremental cost/benefit evaluation for this requirement has been conducted 
since it reflects current practice. The costs and impacts have been included 
and analyzed as a part of the base case. 

2. 	 Requirement - Only radioactive waste shall be accepted for disposal 
at a near-surface disposal facility. Waste shall not be readily capable 
o f  detonation or of explosive decomposition or reaction at normal 
pressures and temperatures, or which reacts explosively with water. 
Waste shall not contain, or be capable of generating, appreciable
quantities of toxic gases, vapors, or fumes. Pyrophoric materials 
contained in wastes shall be treated, prepared and packaged to be 
nonflammable. 

Wastes in a gaseous form shall be packaged at a pressure not to exceed 

one atmosphere at normal temperatures, and wastes containing biological,

pathogenic, or infectious material shall be treated to reduce the 

potential hazard. 


Analysis: These requirements are principally directed at health and safety
Considerations involved in the handling and placement o f  wastes in disposal
trenches. Combustion, detonation, or excessive reaction of the waste at normal 
temperatures and pressures can lead to increased occupational exposures and 
releases of radioactive and toxic materials from the site. These materials, 
after disposal, can also accelerate migration o f  radionuclides through inter­
action with other wastes. The alternative of combined disposal of such wastes 
and other types of  chemically hazardous waste with radioactive waste at a near-
surface disposal facility was not considered a viable alternative. 

No incremental cost/benefit analysis has been conducted for these requirements

since they reflect current practice. They are currently being followed at the 

existing sites and the costs and impacts have been included in the base case 

analysis. 


6.6 	 EFFLUENTS DUE TO WASTE PROCESSNG AT A REGIONAL PROCESSING CENTER 
(ASSUMED TO BE LOCATED AT THE DISPOSAL FACILITY) 

As previously discussed, one o f  the viable options addressed in preceeding
sections in this environmental impact statement was that of processing of waste 
on a regional basis at a central processing facility. Such a facility could 
be located at or separately from the disposal facility. Such central waste 
processing activities involves safety considerations separate f r o m  and beyond
the purview of those involving the receipt, handling, and disposal of waste at 
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a disposal facility to be addressed in Part 61. In addition to occupational
safety and other considerations at such a facility, such waste processing
activities can lead to potential airborne releases of radionuclides and sub­
sequent exposures to the public in the neighborhood o f  the regional processing
facilities. NRC analyzed the potential population exposures due to the assumed 
operation of a central waste processing facility (an incinerator) which was 
colocated with the disposal facility. These exposures were estimated to be 
approximately 1.87 man-rem/year, arising from the assumed incineration of 
100,000m3 of combustible trash per year. The total population assumed to be 
exposed was 480,000 within a 50-mile radius of the processing facility. (Also 
see Section 5.2.4.5 for further information.) 

With respect to such potential exposures, a limiting criteria for such central 

waste processing operations should be considered. Such limiting criteria may

perhaps best be developed by consideration of existing standards. 


For example, effluents from nuclear power plants are limited to levels prescribed
in 10 CFR Part 50, Appendix I. In addition, effluent limits for nuclear power
operations have been established by EPA in 40 CFR 190. This regulation provides
environmental radiation dose standards for operations which are part of the 
uranium fuel cycle. Specifically excluded from this regulation are uranium 
mining operations, operations at waste disposal sites, transportation of radio­
active material in support of these operations, and the reuse of recovered non­
uranium special nuclear and byproduct materials from the fuel cycle. The 
regulations provide limits for annual allowable doses to persons in the general
environment (that is, 25 mrem to the whole body, 75 mrem to the thyroid, and 
25 mrem to any other organ of any member of the public) as well as limitations 
for annual allowable releases of certain radionuclides (that is, Kr-85, 1-129, 
and Pu-239). 

A rule change to 10 CFR Part 20 formally incorporating the requirements in 
40 CFR 190 into Part 20 was recently proposed by NRC (Ref. 8). The 40 CFR 190 
limits, however, are being implemented by NRC staff in specific licensing
actions. 

Limits for airborne radionuclide releases in the range of 40 CFR 190 have also 
been extended to other licensing actions by NRC licensing staff. For example,
NRC licensing staff have applied general limits in the range of 40 CFR 190--i.e., 
approximately 1/10 of 10 CFR Part 20 standards--for small institutional radio­
active waste incinerators. 

It would therefore appear that if waste processing activities were to take 
place at a central waste processing facility, an effluent limitation criteria 
incorporating the release limits o f  40 CFR 190 would appear to be appropriate. 

If extensive waste processing were carried out at a fuel cycle facility, the 
limits of 40 CFR 190 would be applied as part of existing standards. With 
respect to waste processing carried out at nonfuel cycle facilities, NRC licens­
ing,staff is already applying use o f  1/10 of Part 20, Table I1 values as an 
objective. The processing of waste can either take place at the point of waste 
generation or at a central facility. If the processing does take place at a 
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central facility, it is logical to expect that the same limits that would apply 
at the point of generation should also be applied. In this case the lower limits 
established by 40 CFR 190 should be applied to population exposures from waste 
processing operations at an central processing facility. These annual limits 
are: 

o 25 mrem (whole body); 
o 75 mrem (thyroid); 
o 25 mrem (any other organ). 

From the previous analysis, it is expected that these limits would be readily 
met at any such central waste processing facility. 
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Chapter 7 

WASTE CLASSIFICATION 

7.1 INTRODUCTION 

Radioact ive waste c l a s s i f i c a t i o n  i s  t h e  cu lm ina t i on  o f  t h e  P a r t  6 1  rulemaking 
e f f o r t .  F i r s t  as p a r t  o f  t h e  P a r t  6 1  rulemaking e f f o r t ,  o v e r a l l  performance 
ob jec t i ves  f o r  near-surface d isposal  were developed. The ana lys i s  and r a t i o n a l e  
f o r  a r r i v i n g  a t  these performance ob jec t i ves  are  s e t  o u t  i n  Chapters 4, 5, and 
6 o f  t h i s  environmental impact statement. Based on t h e  o v e r a l l  performance 
ob jec t i ves ,  a number o f  t echn ica l  requirements were developed, i n c l u d i n g  requ i re ­
ments f o r  i n s t i t u t i o n a l  con t ro l s ,  waste form and packaging, d isposal  f a c i l i t y  
s i t i n g ,  and d isposal  f a c i l i t y  design and operat ion.  Waste c l a s s i f i c a t i o n  i s  
t h e  mechanism t h a t  he lps assure t h a t  the  o v e r a l l  performance o b j e c t i v e s  w i l l  
be met over t h e  l ong  term through t h e  c o l l e c t i v e  r e f l e c t i o n  o f  t h e  techn ica l  
requirements and c o n t r o l s  es tab l i shed  f o r  near-surface r a d i o a c t i v e  waste 
d isposa l .  To a waste generator ,  i t  es tab l i shes  requirements on t h e  form and 
conten t  o f  waste and es tab l i shes  how he should t r e a t  and package p a r t i c u l a r  
wastes. To a waste d isposal  f a c i l i t y  operator ,  i t  def ines  t h e  requirements 
and c o n t r o l s  he should use i n  t h e  d isposal  o f  p a r t i c u l a r  wastes. 

E a r l i e r  work t o  develop a waste c l a s s i f i c a t i o n  methodology and system has been 
descr ibed i n  Chapter 2 o f  t h i s  environmental impact statement. Th is  work, which 
i s  repo r ted  i n  References 1, 2, and 3 developed t h e  concept t h a t  r a d i o a c t i v e  
wastes should be c l a s s i f i e d  based upon t h e i r  p o t e n t i a l  hazard f o l  1owing d isposal  . 
As p a r t  o f  t h i s  work, an omnibus c l a s s i f i c a t i o n  system was proposed based upon 
n o t  exceeding gener ic  r a d i a t i o n  exposure l i m i t s  which de f ined safe d isposal .  
F o r  example, i n  NUREG-0456 (Ref. 2), safe d isposal  i s  f i r s t  de f i ned  as a p o t e n t i a l  
exposure l i m i t  o f  500 mrem/yr t o  t h e  c r i t i c a l  organ. Then, c lasses o f  waste 
were determined based upon c a l c u l a t i o n  of maximum concentrat ions o f  rad ionuc l ides  
so as n o t  t o  exceed these o v e r a l l  exposure l i m i t s  through var ious  exposure pathways 

I n  NUREG-0456, t h e  c l a s s i f i c a t i o n  system invo  ves t h r e e  types o f  ac t i ons  i n  
hand l ing  r a d i o a c t i v e  waste: 

1. Discharge d i r e c t l y  t o  t h e  biosphere s i m i l a r  t o  hand l ing  r o u t i n e  t rash .  

2. 	 Conf ine t h e  waste f o r  a p e r i o d  of t me i n  a c o n t r o l l e d  manner w i t h  
p r e d i c t a b l y  low re lease ra tes .  

3. 	 I s o l a t e  t h e  waste f rom t h e  biosphere so t h a t  b i o l o g i c a l l y  s i g n i f i c a n t  
re leases o r  i nadve r ten t  r e e n t r y  by mankind i n t o  t h e  d isposal  area i s  
h i g h l y  u n l i k e l y .  

I n  p r a c t i c e ,  t h i s  was modeled (and concent ra t ion  l i m i t s  were c a l c u l a t e d  based 
upon t h e  assumed exposure l i m i t )  ais: 

1. Disposal  i n t o  a s a n i t a r y  l a n d f i l l ;  
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2. Disposal  i n t o  a sha low l a n d  b u r i a l  f a c i l i t y ;  

3. Disposal  i n t o  a geo o g i c  r e p o s i t o r y .  

I n  t h i s  work, t h e  concept o f  d isposal  o f  waste a t  g rea te r  depths (deeper b u r i a l )  
was b r i e f l y  discussed. This  was expanded i n  a l a t e r  work, NUREWCR-1005, i n  
which two more classes o f  waste were added based upon deeper b u r i a l  (Ref. 3). 

Based upon t h i s  work, NRC a t  one t i m e  considered developing a waste c l a s s i f i ­
c a t i o n  r e g u l a t i o n  as a separate rulemaking e f f o r t  from the P a r t  6 1  r e g u l a t i o n  
f o r  low- level  waste d isposal .  That i s ,  an omnibus c l a s s i f i c a t i o n  system would 
have been developed which would i n i t i a l l y  e s t a b l i s h  two classes o f  waste--one 
s u i t a b l e  f o r  "de minimus" d isposal  and one f o r  shal low land  b u r i a l ,  w i t h  a t h i r d  
c lass  o f  waste which would r e q u i r e  d isposal  i n t o  a geologic  repos i to ry .  A t  
t h e  same t i m e ,  t h e  P a r t  6 1  r e g u l a t i o n  would develop requirements f o r  shal low 
l a n d  b u r i a l .  Subsequent rulemaking e f f o r t s  would develop requirements and 
c l a s s i f i c a t i o n  l i m i t s  f o r  d isposal  by o the r  methods such as deeper b u r i a l  o r  
use o f  engineered s t ruc tu res .  

NRG recognized, however, t h a t  such an omnibus c l a s s i f i c a t i o n  system cou ld  have 
p r a c t i c a l  d i f f i c u l t i e s  i n  t h a t  waste c l a s s i f i c a t i o n  c o u l d  n o t  be developed 
independent ly o f  o the r  requirements f o r  waste d isposal  such as those f o r  waste 
form and packaging. Therefore,  t h e  waste c l a s s i f i c a t i o n  r e g u l a t o r y  development 
e f f o r t  was combined w i t h  t h a t  o f  t h e  P a r t  6 1  r e g u l a t o r y  e f f o r t .  I n  a d d i t i o n ,  
t he  P a r t  6 1  r e g u l a t i o n  was expanded t o  become an "umbrel la" r e g u l a t i o n  under 
which a number o f  p o t e n t i a l  near-surface d isposal  techniques may be l icensed.  

Development o f  waste c l a s s i f i c a t i o n  i n  terms o f  d isposal  requirements r a t h e r  
than an omnibus system i s  a l s o  o f  more p r a c t i c a l  use i n  determin ing types o f  
wastes f o r  which d isposal  should be o f  no r e g u l a t o r y  concern. As observed by 
t h e  Federal Rad ia t i on  P o l i c y  Counci l  (Ref. 4), an omnibus "de minimis" 
c l a s s i f i c a t i o n  system would be l i k e l y  t o  be so conserva t i ve l y  a b s t r a c t  as t o  
be unworkable. I n  accordance w i t h  t h i s  p o l i c y ,  exemptions t o  P a r t  6 1  requ i re ­
ments a re  being handled on a s p e c i f i c  waste stream basis .  Analyzing s p e c i f i c  
waste stream exemptions on a case-by-case b a s i s  a l l ows  f u l l  cons ide ra t i on  of 
t he  costs  and b e n e f i t s  o f  such exemptions on a bas i s  o f  need. 

NRC has a l ready f o l l o w e d  t h i s  approach i n  e s t a b l i s h i n g  a new paragraph 20.306 
t o  10 CFR P a r t  20. This  r u l e  change exempts t r i t i u m  and carbon-14 f r o m  d isposal  
as r a d i o a c t i v e  waste when conta ined i n  l i q u i d  s c i n t i l l a t i o n  c o c k t a i l  and animal 
carcass waste and n o t  exceeding a concen t ra t i on  o f  .05 uCi/gm. Other waste 
streams may a l s o  r e a d i l y  l end  themselves t o  t reatment  i n  t h i s  manner. An example 
would be very low a c t i v i t y  residues from f u e l  f a b r i c a t i o n  operat ions o r  PWR 
secondary s i  de r e s i n s  . 

7 . 1 . 1  A l t e r n a t i v e s  Considered 

There a re  t w o  p r i n c i p a l  a l t e r n a t i v e s  t h a t  can be a p p l i e d  t o  c l a s s i f y  waste f o r  
d isposal  : 
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1. Handle classification on a site-specific case-by-case basis; or 


2. 	 Develop a system that can be uniformly applied to all disposal
faci1i ties. 

The actual impacts of near-surface disposal are site-specific and it could be 
possible to assure that the performance objectives and technical criteria are 
met at any site accepting all wastes by enforcing the Part 61 requirements at 
such a site on a case-by-case basis. The classification of waste would then 
be determined by site-specific conditions and considerations, and each site 
would have its own unique controls for particular wastes. However, it is diffi­
cult to regulate in this manner. Although the NRC staff believes that some 
flexibility to account for site-specific conditions needs to be included in 
the classification system, such flexibility could be very confusing to all parties
concerned if carried to extremes. For example, waste generators could be faced 
with an extreme range in requirements and controls based on the particular site 
re1ated requirements for disposal. 
What is needed is a generic nonsite-specific classification system which can 
be uniformly appli ed by waste generators and disposal faci1ity operators. The 
most convenient system to implement would be one in which actions are triggered
by radionuclide quantity o r  concentration levels in waste streams. This would 
be more convenient to both regulators and licensees. Any waste generator, once 
the concentration or quantity of radionuclides in a particular waste stream i s  
known, can then key the waste stream for a particular action at a disposal
facility. Once the keyed waste stream arrives at the disposal site, the disposal
facility operator can then carry out and exercise the appropriate controls for 
disposal. 

7.1.2 Development of Waste Classes 


Based upon the work in Chapters 4 and 5, there are two fundamental mechanisms 

to classify wastes for long-term hazard: 


1. 	 Consideration of potential hazard to an inadvertent intruder due to 

direct contact with the disposed waste; and 


2. 	 Consideration of potential hazard to an individual o r  a population
from potential consumption or use of contaminated ground water. 

From the analysis in Chapter 4,three general classes of waste have been 

determined and used in the analysis in Chapter 5: 


A. 	 Wastes for which there are no stability requirements but which should 
be disposed in a segregated manner from other wastes. The upper limit 
for these wastes is determined based upon a limit of 500 mrem/yr (whole
body) to a potential intruder as calculated at the end o f  100 years
of institutional active control using the most restrictive limit from 
either the intruder-construction scenario or the intruder-agriculture
scenari0. 
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B. 	 Wastes w h i c h  need t o  be placed in  a s t a b l e  form and disposed i n  a 
segregated manner from unstable waste forms. S t a b i l i t y  may be achieved 
through use of a s o l i d  waste form, packaging i n  a s t r u c t u r a l l y  s t a b l e  
container,  o r  use of s t a b i l i z a t i o n  measures a t  a disposal f a c i l i t y .  
T h e  upper l i m i t  f o r  these  wastes i s  determined based upon a l i m i t  of 
500 mrem/yr (whole body) t o  a poten t ia l  in t ruder  as calculated a t  
the end of 100 years of ac t ive  i n s t i t u t i o n a l  control using an intruder-
discovery scenario.  

C.  	 Wastes w h i c h  need t o  be placed i n t o  a s t ab le  form, disposed i n  a segre­
gated manner from unstable waste forms and disposed of s o  t h a t  a barrier 
i s  provided aga ins t  po ten t ia l  inadvertent in t rus ion .  One type of 
acceptable b a r r i e r  would be layering, covering the waste with a m i n i m u m  
of 5 meters of earth and lower a c t i v i t y  wastes. An upper l i m i t  f o r  
these wastes i s  determined based upon a l i m i t  of 500 mrem/yr (whole 
body) t o  a poten t ia l  in t ruder  as  calculated a t  500 years from t h e  
beginning of t h e  ac t ive  i n s t i t u t i o n a l  control period using t h e  most 
r e s t r i c t i v e  l i m i t  from e i t h e r  the  intruder-construction scenario o r  
the intruder-agricul ture  scenario.  (The b a r r i e r  i s  assumed t o  be 
e f f ec t ive  f o r  only 500 years) .  

Wastes which exceed the upper l imit  as calculated by item C.  above would normally 
be considered unacceptable f o r  near-surface disposal .  Wastes containing higher 
a c t i v i t i e s  would be po ten t i a l ly  allowed on a case-by-case basis depending upon 
s p e c i f i c  waste forms and disposal methods. Such special  consideration would 
be most applicable t o  wastes having radionuclides of moderate half  l i v e s  (e .g . ,
about 30-100 years).  

I n  addi t ion ,  two general c l a s ses  of waste were developed i n  Chapter 5, according 
t o  ground-water considerations: 

A .  	 Waste streams w h i c h  need not be placed i n t o  a s t a b l e  form, but mus t  
be segregated from waste streams w h i c h  have been placed in to  a s t a b l e  
waste form. 

B .  	 Waste streams which should be placed in to  a s table  waste form and 
disposed i n  a segregated manner from unstable waste forms. As dis ­
cussed, a s t a b l e  waste form could be provided by the disposal f a c i l i t y  
design (e .g . ,  grouting of the disposal c e l l s ) ,  the waste form, waste 
processing, ( e .g . ,  s o l i d i f i c a t i o n ) ,  o r  the waste package ( e - g . ,  use 
of a s t r u c t u r a l l y  s t a b l e  container).  

A t h i r d  c l a s s  of waste i s  a l s o  possible based upon ground-water migration con­
s idera t ions .  T h i s  would include waste which would require additional disposal 
considerations (e.g.  , special  packaging) o r  would be generally unacceptable 
f o r  near-surface disposal .  

These t e n t a t i v e  waste c l a s ses  f o r  in t rus ion  and ground-water migration can be  
combined i n t o  a matrix as shown i n  Figure 7 . 1  t o  y i e l d  6 potent ia l  separate 
waste categories.  There is  no p rac t i ca l  use, however, i n  s e t t i n g  out two 
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Figure 7.1 Tentative Waste 

Classification Matrix 


Migration 


No Stability Stable 
Intruder Requirements Waste 

Segregated 1ow 

activity 


Stab1e, regular 

disposal 


Stable, intruder 

protected 


A ­

- B 

- C 


different unstable waste classes: one based on intruder considerations and one 

based on miqration considerations. Similarly, there is no point in setting out 

classes of waste that must be stable by one consideration but are allowed t o  be 
unstable by another. And, if a waste stream is unacceptable by either intrusion \ 
or migration considerations, then it it is unacceptable. Therefore, the six 
potential classes become three and any waste exceeding the upper bound concentra- 1

1 
tion calculated for Class C is generally not acceptable for near-surface disposal. i 

L 


Such a classification system presents some difficulties in that of the two 
considerations--intrusion and migration--only the first appears to be directly
applicable for waste classification purposes. The calculation of concentration 
limits for pathways involving exposures t o  an inadvertent intruder are relatively
straightforward since potential exposure of an intruder is directly related to 
the concentration of the radionuclides available for uptake. It is considerably
less straightforward to set out categories of waste based upon migration consider­
ations. Potential grsund-water migration impacts could occur to an intruder 
consuming water from a well located onsite, to individuals consuming water from 
a well located at the site boundary, or t o  populations consuming water from a 
public drinking water supply. Potential migrational impacts are much more a 
function of site-specific environmental and geohydrological conditions than 
concentration-limited intruder impacts. Potential migrational impacts are 
furthermore a function o f  the total inventory of radionuclides at a disposal
site. This means that, unlike concentration-limited intruder impacts, potential
migrational impacts are not a5 directly linked to concentration limit requirements. 

The approach that has been taken, then, i s  to first determine waste classification 
requirements (based upon concentration limits) considering protection of a 
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potential inadvertent intruder. Then, the nuclides which were determined in 
Chapter 5 t o  be important from the standpoint of migration are identified such 
that inventory limits based upon ground-water migration considerations can be 
established on a site-specific basis. 

7 . 2  	 WASTE CLASSIFICATION BASED UPON CONSIDERATION OF A POTENTIAL INADVERTENT 
INTRUDER 

7.2.1 Classes of Waste 


Table 7.1 sets out calculated concentration limits for each of the first three 

classes of waste discussed in Section 7.1. The concentrations are maximum average

concentrations for each radionuclide in disposed waste. Column 1 establishes 

the interface concentration limit between those wastes which must be placed

into a stable form and those in an unstable form requiring segregated disposal.

Waste containing activity at or below the concentration limit for Column 1 is 

defined as "Class A" segregated waste. Above the concentration limit the waste 

is defined as "Class B" stable waste. 


Column 2 establishes the minimum concentration for wastes that will require
disposal with an additional barrier to inadvertent intrusion. Waste containing
activity above the concentrations limit i s  defined as "Class C" intruder 
protected waste. 

Column 3 establishes the upper bound concentration for waste that is considered 
to be generally unacceptable for near-surface disposal. Above this concentration 
limit, the waste is defined as generally unacceptable for near-surface disposal.
Such waste will require special consideration and prior approval for disposal 
near surface. Column 4 has been prepared as an example of disposal of such 
"unacceptable waste" based upon one potential special disposal technique, the 
"hot waste" facility, as analyzed in Chapters 4 and 5. Column 4 defines the upper
bound concentration of waste that would be acceptable for disposal in such a 
"hot waste" facility given the assumptions for design and operation set out in 
Chapter 5. 

To establish the limits, the intruder performance objective (500 mrem/yr whole 
body) is used as established in Chapter 4, an active institutional control period
of 100 years is assumed, and the most conservative assumption regarding the 
waste form is made. For organs other than whole body and bone, a dose limit 
of 1500 mrem was used. The waste is assumed to be as dispersible as ordinary
dirt and no credit is taken for improved waste forms to reduce plant uptake.
These concentration limits were calculated using the INVERSE computer code 
presented in Appendix H. 

The table requires some interpretation. To calulate the limiting concentrations 
in the table, the extensive intruder scenarios used in Chapter 4 (intruder­
construction and intruder-agriculture) were assumed for Columns 1, 3 ,  and 4. 
The delay time prior to initiation of the event was 100"years for Column 1, 
500 years for Column 3 ,  and 1000 years for Column 4. In addition, due to the 
considerable quantity of concrete used in the "hot waste facility, Column 4 
incorporates a factor of 10 additional shielding for gamma radiation. For 
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Table 7.1 Calculated Waste Classification Limits Assuming

Worst-case Waste Form 


Isotope 


H-3 


C-14 

Fe-55 


Ni-59 


CO-60 


Ni-63 


Nb-94 


Sr-90 


Tc-99 


1-129 


CS-135 


Cs-137 


u-235 


U-238 


Np-237 


Pu-238 


Pu-239/40 


Pu-241 


Pu-242 


Am-241 


Am-243 


Cm-243 


Cm-244 


Column 1 Column 2 Column 3 Column 4 

Classes 
A & B* Class C** 

Generally 
Unacceptable? ?? 

36.2 1.1E+8 # # 

0.750 1.26E+4 0.787 0.836 
# # # # 

2.15 233 2.16 11.4 
677 6.68 E+4 # # 

3.45 2. %4E+3 70.2 3.03E+3 
1.54E-3 0.I52 1.57E-3 1.59E-2 
3.76E-2 149 735 1.71E+8 
0.262 5.55E+4 0.263 0.263 
8.19E-3 14.8 8.19E-3 8.2OE-3 
84.3 9.85E+3 84.3 84.3 
4.47E-2 4.41 460 4.76E+8 
3.94E-2 3.29 3.94E-2 4.39E-2 
4.76E-2 3.97 4.76E-2 4.78E-2 

4.08E-3 0.340 4.08E-3 4.13E-3 
2.76E-2 2.30 0.681 37.6 
1.04E-2 0.864 1.05E-2 1.06E-2 
0.274 1.18E+4 0.501 1.099 
1.llE-2 0.923 1.llE-2 1 . l l E - 2  

7.89E-3 0.658 1.44E-2 3.16E-2 
6.62E-3 0.552 6.86E-3 7.64E-3 
7.946 5.23 8.023 8.099 
3.891 52.3 3.929 3.966 

*Intruder-constructionor intruder-agriculture limit at 100 years
**Intruder-discoverylimit at 100 years
?Intruder-construction or intruder-agriculture limit at 500 years
??Intruder-construction or intruder-agriculture limit at 1000 years;

Factor of 10 gamma shielding
#Natural specific activity of the isotope. 
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Column 2, a delay time of 100 years (the end of active institutional control) was 
used. However, the waste is in a stable form and the potential intruder exposures 
are considerably less extensive--i.e. , 1 imited to those obtained during "discovery"
of the waste, the intruder-discovery scenario. 

The table reveals that as long as the waste is assumed to resemble dirt, use 
of intruder barriers and placing the waste into a stable, segregated form often 
does not result in a real reduction in overall hazard for long-lived isotopes.
For long-lived isotopes such as Tc-99, concentrations in Columns 1,2, and 4 
are essentially the same. For other, shorter-lived radionuclides such as Cs-137, 
Sr-90, or Ni-63, the options of  placing the waste into a stable form or disposing
of it with a barrier has a large effect upon the concentrations calculated. 
Also, use of a "hot waste'l facility for special high activity waste streams 
(Column 4) would really not provide any additional long-term protection for 
long-lived radionuclides but would be very useful for large quantities of 
shorter-lived radionuclides such as Cs-137 or Sr-90. 

For short-lived radionuclides such as Fe-55 (2.5 year half life) or Co-60 (5 year
half-life), extremely large quantities of  these radionuclides could be disposed 
o f  with little or no regard to long-term intruder hazard. The radionuclides 
decay sufficiently quickly that at time periods much beyond 100 years, intruder 
hazard is negligible. A s  shown, there is no limit on the amount of Fe-$5 that 
can be disposed in any class--i.e., the limits calculated for all four columns 
exceed the natural specific activity of Fe-55. A similar situation is observed 
for H-3 and Co-60 for Columns 3 ,  and 4. In addition, the limit in Column 2 
for H-3 is calculated to be 1Q8 Ci/m3. This is actually somewhat less than 
the natural specific activity for tritium (2.9 E+9 Ci/m3) but is obviously
sufficiently high that it will not be exceeded on a practical basis. 

For Column 2 it is seen that the concentrations for several radionuclides are 
larger than those presented in Column 3. These are all long-lived isotopes
for which disposing of the waste with an intruder barrier does not cause any
significant reduction in the potential long-term hazard to an inadvertent 
intruder. For shorter-lived radionuclides such as C-I37 use o f  a barrier does 
result in a reduction in potential impacts. 


7.2.2 Corrections for Waste Form 


A s  discussed in Chapter 4,the potential impacts from inadvertent intrusion 
were shown to be reduced through use of improved waste forms. Improved waste 
forms reduce the potential for waste decomposition, dispersion and uptake by

plant roots. Based on the analysis, one alternative that could be applied to 

establishing concentration limits based on intruder considerations would be to 

establish separate limits for each waste form. In this way, consideration can 

be made of the tendency of each waste form to degrade into dispersible, respirable
particles, t o  be taken up by plant roots, or to provide self shielding against
direct gamma radiation from the contained radionuclides. In general, however, 
this would appear to be difficult t o  do. Some of the reasons are as follows: 

o 	 There are in reality innumerable waste forms. It would be extremely
difficult to attempt to characterize all possible waste forms and 
determine concentration limits for each. 
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o 	 Regulation would be very difficult. As discussed earlier regarding
the alternative of establishing separate concentration limits for 
each disposal facility, providing separate concentration limits for 
each waste form would be generally confusing to both regulators and 
licensees. An occasional exception could be made, however. 

o 	 It is difficult to predict the ability of particular waste forms to 
minimize dispersion and plant-uptake over the long term. For example, 
some assumptions have been made in this regard for wastes solidified 
in material such as cement or synthetic polymers. Although such 
assumptions may be reasonable, it is difficult t o  assure that they
will be reasonable for thousands of years. For example, it would be 
difficult to have confidence in the long-term ability of waste forms 
such as cement to minimize dispersion of long-lived transuranic radio-
nuclides such as Pu-239 over the long term. On the other hand, it 
is less difficult to have confidence in the long-term ability o f  waste 
forms such as activated metals to minimize dispersion of contained 
shorter-lived activation products. 

In general, then, it would be more useful to set out limits applicable to all 
wastes, and then consider potential allowances for particular waste forms. 
Two such waste forms for which allowance for waste form should be made are acti­
vated or fixed-surface contaminated metals and uranium metal. To briefly sum­
marize from Reference 5 and from Appendix G, many, if not most o f  the more highly
activated metals' waste streams are composed of relatively noncorrosive materials 
such as stainless steel. Corrosion of such materials takes place at a slow, 
relatively predictable rate and produces finely-divided but highly insoluble 
oxides. Crud deposits on such waste streams as LWR nonfuel reactor core com­
ponents can be very difficult t o  remove. In addition, the relative amounts of 
activated metals currently being generated and disposed at radioactive waste 
disposal facilities are small compared with other waste volumes. Another very
small volume waste stream is uranium metals. Uranium metal is occasionally 

, 	 used for gamma shielding in waste transport casks. Other applications include 
counterweights in airplanes. NRC believes the concentrations of nuclides 
contained in metals, metal alloys or permanently fixed on metal as contamination 
can be increased by a factor of 10 to account for the inaccessibility of the 
nuclides. For natural or depleted uranium the concentrations can be increased 
to the natural specific activity. 

7.2.3 Disposal Facility Design Considerations 


This section considers possible variations in waste classes or concentrations 
in waste classes to account for a particular disposal facility design. That 
is, depending upon the disposal facility design, different classes or concentrations 
could be established. 

As briefly discussed in Section 7.1 and similar to the argument regarding waste 
form in Section 7.2.2, if this concept were generally applied to waste classifi­
cation, then a great multiplicity in waste categories could result. As an 
example, the effect of different cover thicknesses could be taken into account. 
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The prev ious c a l c u l a t i o n s  were based on an assumed average 2-meter th ickness 
o f  e a r t h  over t h e  waste, and minor v a r i a t i o n s  on t h i s  assumed thickness--e.g. ,  
g rea te r  than 2 meters--could be i nco rpo ra ted  i n t o  t h e  c a l c u l a t i o n s .  However, 
t h i s  h a r d l y  seems wor th t h e  e f f o r t  s ince as l o n g  as one i s  n o t  speaking o f  
l a r g e  thicknesses such as 5 meters o r  i n te rmed ia te  depth d isposal ,  t he  e f f e c t  
would be small .  I n  any case, t h e  depth o f  cover a t  most d isposal  f a c i l i t i e s  
a re  o f t e n  g r e a t e r  than 2 meters, which prov ides some conservatism i n t o  the  
c a l c u l a t i o n s .  

As another example, t h e  c a l c u l a t i o n s  i n  Chapter 5 assumed a d isposal  e f f i c i e n c y  
o f  0.5 f o r  random disposal  and 0.75 f o r  stacked d isposal .  As discussed i n  
Chapter 5,  t h e  h ighe r  d isposal  e f f i c i e n c y  would r e s u l t  i n  h ighe r  i n t r u d e r  
exposures. Th is  e f f e c t  cou ld  be p o t e n t i a l l y  considered i n  the  waste c l a s s i f i c a ­
t i o n  c a l c u l a t i o n s  and, depending upon t h e  design o f  a p a r t i c u l a r  f a c i l i t y ,  i n c o r ­
po ra ted  i n t o  c l a s s i f i c a t i o n  l i m i t s  c a l c u l a t e d  f o r  t h a t  f a c i l i t y .  However, i t  
i s  b e l i e v e d  t o  be d i f f i c u l t  t o  a c t u a l l y  achieve t h a t  h i g h  an e f f i c i e n c y  l e v e l  
on a p r a c t i c a l  basis.  The e f f e c t  on i n t r u d e r  exposures would t h e r e f o r e  be a t  
most a f a c t o r  o f  1 .5  and probably  l ess .  

A much more s i g n i f i c a n t  e f f e c t  would be caused by use o f  g r o u t i n g  t o  p rov ide  
a d d i t i o n a l  s t a b i l i z a t i o n  o f  t he  d isposal  f a c i l i t y .  I n  t h e  E I S ,  use o f  grout ­
i n g  has been est imated t o  reduce p o t e n t i a l  i n t r u d e r  exposures by about a f a c t o r  
o f  10. Th is  f a c t o r  i s  somewhat h y p o t h e t i c a l ;  however, a s i g n i f i c a n t l y  reduced 
hazard t o  a p o t e n t i a l  i n t r u d e r  wou'ld be expected over the  s h o r t  term, a l though 
p o t e n t i a l  long-term reduct ions i n  hazard a r e  uncer ta in .  

I n  general ,  t h e  NRC s t a f f  be l i eves  t h a t  i t  would n o t  be use fu l  t o  i nco rpo ra te  
the  e f f e c t  o f  minor s i t e - s p e c i f i c  design v a r i a t i o n s  i n t o  t h e  bas i c  waste c l a s s i ­
f i c a t i o n  l i m i t s  ca l cu la ted .  This  c o u l d  r e s u l t  i n  innumerable waste c lasses 
and would be o v e r l y  confus ing t o  waste generators,  d isposal  f a c i l i t y  operators,  
and r e g u l a t o r s .  However, i t  i s  a l s o  recognized t h a t  t o o  r i g i d  adherence t o  
t h i s  conclus ion leads t o  a l o s s  of needed f l e x i b i l i t y  t o  account f o r  d isposal  
designs which would r e s u l t  i n  t h e  same or improved performance. Therefore,  
w h i l e  NRC be l i eves  t h a t  waste c l a s s i f i c a t i o n  can be bes t  implemented and 
regu la ted  through use o f  a l i m i t e d  number o f  waste c lasses, f l e x i b i l i t y  should 
be i nco rpo ra ted  i n t o  the  waste c l a s s i f i c a t i o n  requirements t o  account f o r  
v a r i a t i o n s  o r  improvements i n  design. This  would bes t  be handled through a 
l i m i t e d  number o f  assessments c a r r i e d  o u t  on a s i t e - s p e c i f i c  bas is .  

7.2.4 E f f e c t  o f  Environmental Condi t ions on I n t r u d e r  Exposures 

The prev ious s e c t i o n  discussed t h e  e f f e c t  o f  v a r i a t i o n s  i n  d isposal  f a c i l f t y  
design. This  s e c t i o n  considers the  e f f e c t  o f  s i t e - s p e c i f i c  environmental condi­
t i o n s  on the  i n t r u d e r  impact c a l c u l a t i o n s  themselves. The s e c t i o n  i s  l i m i t e d  
t o  c o n c e n t r a t i o n - l i m i t e d  impacts. The e f f e c t  o f  s i t e - s p e c i f i c  environmental 
cond i t i ons  on ground-water impacts i s  considered i n  Sect ion 7.3. 

On f i r s t  glance i t  would appear t h a t  s i g n i f i c a n t l y  h ighe r  i n t r u d e r  exposures 
would be expected a t  d r y  western d isposal  f a c i l i t i e s  and f o r  t he  i n t r u d e r -
c o n s t r u c t i o n  scenar io.  However, t he  h ighe r  s i t e  s e l e c t i o n  f a c t o r s  are balanced 
by a number o f  o t h e r  compensating f a c t o r s .  One o f  t h e  p r i n c i p a l  f a c t o r s  i s  
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t h e  s i g n i f i c a n t l y  lower r a t e  o f  decomposition o f  disposed waste t h a t  would occur 
a t  a r i d  s i t e s .  This  i s  borne ou t  by t h e  ana lys i s  i n  Appendix M y  which compared 
measurements o f  decomposit ion gas ( p r i n c i p a l l y  methane) generated as a r e s u l t  
o f  waste decomposit ion a t  t he  humid Maxey F l a t s ,  Kentucky f a c i l i t y  w i t h  t h e  
a r i d  Beat ty ,  Nevada f a c i l i t y .  The measured methane concen t ra t i on  w i t h i n  d isposal  
t rench  sumps was several  orders o f  magnitude h igher  a t  t he  Maxey F l a t s  f a c i l i t y .  
The lower r a t e  o f  decomposit ion would r e s u l t  i n  cons iderably  h igher  volumes o f  
waste being i n  a form which i s  recognizable as something o the r  than d i r t .  The 
p o t e n t i a l  f o r  d i s p e r s i o n  o f  t h e  waste would be considerably  reduced, as would 
t h e  l i k e l i h o o d  t h a t  t h e  i n t r u s i o n  event occurs i n  t h e  f i r s t  p lace. 

Another cons ide ra t i on  i s  t h e  depth o f  t h e  water t a b l e .  A t  many p o t e n t i a l  western 
s i t e s ,  t he  water t a b l e  i s  q u i t e  low. A t  t h e  e x i s t i n g  two western d isposal  f a c i l ­
i t i e s  a t  Hanford, Washington and Beat ty ,  Nevada, t h e  water t a b l e  i s  on the  order  
o f  100 m below t h e  e a r t h ' s  surface. A t  t h e  southwest reg iona l  s i t e ,  t h e  water 
t a b l e  i s  on t h e  order  o f  85 meteps below t h e  e a r t h ' s  surface. This  means t h a t  
d isposal  t renches can be (and c u r r e n t l y  are) excavated t o  much g r e a t e r  depths 
than a t  most humid eastern s i t e s .  This  reduces the  p o t e n t i a l  f o r  i n t r u d e r  
exposures, s ince l aye red  h ighe r  a c t i v i t y  waste streams would be p laced a t  com­
p a r a t i v e l y  g rea te r  depths. 

Another cons ide ra t i on  i s  t h a t  t h e  i n l r u d e r - c o n s t r u c t i o n  scenar io  occurs f o r  
l e s s  than a year w h i l e  the  i n t r u d e r - a g r i c u l t u r e  event cou ld  p o t e n t i a l l y  occur 
f o r  several  years.  Higher exposures could p o t e n t i a l l y  be al lowed f o r  t h e  
c o n s t r u c t i o n  event, s ince i t  occurs over a s h o r t e r  t ime per iod.  

I n  conclusion, i t  does n o t  appear t o  be genera l l y  use fu l  t o  i n c l u d e  v a r i a t i o n s  
i n  s i t e - s p e c i f i c  environmental cond i t i ons  i n t o  t h e  waste c l a s s i f i c a t i o n  cate­
gor ies.  The range o f  v a r i a t i o n  caused by s i t e - s p e c i f i c  cond i t i ons  i s  expected 
t o  be small  i n  t h e  humid eastern s i t e s ,  where over 75% o f  t he  LLW i s  generated. 
Assuming t h a t  r e g i o n a l  d isposal  f a c i l i t i e s  a re  implemented, then t h i s  waste 
would a l s o  be disposed a t  humid eastern s i t e s .  Assuming t h a t  waste i s  d ispersed 
by an i n t r u d e r ,  then i t  i s  p o s s i b l e  t h a t  h igher  i n t r u d e r  impacts cou ld  r e s u l t  
from d isposal  o f  waste a t  a r i d  s i t e s .  However, t h i s  i s  balanced by a number 
o f  o the r  f a c t o r s  which reduce exposures, one o f  t he  p r i n c i p a l  f a c t o r s  be ing  
t h e  g r e a t l y  lower expected r a t e  o f  waste decomposition. 

7.2.5 Operat ional  Limits--Maximum Average and Al lowable Concentrat ions 

The l i m i t s  i n  Table 7 . 1  a re  maximum average concentrat ions o f  i n d i v i d u a l  
rad ionuc l i des  i n  disposed waste. They were c a l c u l a t e d  based upon cons ide ra t i on  
o f  impacts t o  a p o t e n t i a l  i n a d v e r t e n t  i n t r u d e r  such t h a t  exposure, due t o  con tac t  
w i t h  such average concentrat ions,  would n o t  exceed t h e  500 mrem/yr (whole body) 
i n t r u d e r  performance o b j e c t i v e .  I f  t h e  c a l c u l a t e d  maximum average concentrat ions 
a re  then s e t  o u t  as t h e  maximum al lowable concentrat ions i n  waste used as opera­
t i o n a l  l i m i t s ,  they would be a p p l i e d  by waste generators and d isposal  f a c i l i t y  
operators  i n  determin ing t h e  d isposal  requirements f o r  p a r t i c u l a r  wastes. If  
they were a p p l i e d  as opera t i ona l  l i m i t s ,  t h e  ac tua l  average r a d i o n u c l i d e  
concentrat ions i n  the  disposed waste i n  any d isposal  f a c i l i t y  would be l e s s  
and i n  most cases s i g n i f i c a n t l y  l e s s  than the  c a l c u l a t e d  maximum average 
concentrat ions used i n  c l a s s i f y i n g  each waste package f o r  d isposal .  Th is  i s  
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due t o  the  m i x i n g  ( d i l u t i o n )  o f  a l l  t h e  va r ious  waste stream packages 
v a r y i n g  concentrat ions o f  rad ionuc l i des  d u r i n g  d isposal  (e.g., 

some waste conta ins cesium--some a t  a h i g h  concen t ra t i on  and some a t  a low 
concentrat ion--and some waste would n o t  c o n t a i n  any cesium). The ac tua l  impacts 
t o  a p o t e n t i a l  i nadve r ten t  i n t r u d e r  a re  r e l a t e d  t o  the  average concen t ra t i on  
o f  a71 t h e  waste mixed toge the r  d u r i n g  d isposal  and thus would be l e s s  than 
t h e  i n t r u d e r  performance o b j e c t i v e  dose l i m i t  used t o  c a l c u l a t e  t h e  maximum 
average c o ~ ~ ~ ~ t ~ a t i o ~ sf o r  i n d i v i d u a l  rad ionuc l i des .  

This  i s  borne o u t  by t h e  r e s u l t s  o f  t h e  ana lys i s  i n  Chapter 4. Using a dose 
l i m i t a t i o n  c r i t e r i a  o f  500 m i l l i r e m  t o  t h e  whole body, average volume weighted 
i n a d v e r t e n t  i n t r u d e r  impacts were considerably  l e s s  than 100 m i l l i r e m  a t  t h e  
end o f  an assumed 100-year a c t i v e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  and o n l y  a few 

00 y e a w  l a t e r .  It was a l s o  observed t h a t  approximately t h e  same 
v o ~ ~ m e - a v e ~ a g e ~i n t r u d e r  impacts would be achieved i f  t h e  dose l i m i t a t i o n  
c r i t e r i a  were a f a c t o r  o f  10 higher  (e.g. , 5 rems whole body). Th is  l e d  t o  
t he  observat ion i n  Chapter 4 t h a t  one way t o  e s t a b l i s h  an i n t r u d e r  performance 

e cou ld  be t o  s e t  o u t  one dose l i m i t a t i o n  c r i t e r i a  (e.g., 500 mrem) 
e r - l i v e d  isotopes and a h ighe r  dose l i m i t a t i o n  c r i t e r i a  (e.g., 5 rems) 

f o r  s h o r t e r - l i v e d  isotopes. The h igher  exposures would o n l y  l a s t  f o r  a 
r e ~ a t ~ v e l ~s h o r t  t ime pe r iod .  (For example, t he  p o t e n t i a l  i n t r u d e r  hazard 
from ~ s - ~ ~ ~ - - h ~ l f - l ~ ~ eo f  about 30 years--drops by a f a c t o r  o f  10 every 100 years).  

etween maximum average concentrat ions and maximum a l l owab le  
ope ra t i ona l  l i m i t s )  has been addressed by others.  F o r  example, 

t u l a t e d  a maximum-to-average r a t i o  o f  10 (Ref. 3). I n  NUREG/CR-1005, 
aximurn-to-average r a t i o  was n o t  a p p l i e d  (Ref .  3). Th is  r e l a t i o n s h i p  
ed more thoroughly  by Healy and Rogers - -pa r t i cu la r l y  i n  regard 
less contaminated waste (Ref. 6). As observed by Healy and Rogers 

i n  r e l a t i o n s h i p  w i t h  t r a s h  and o the r  low a c t i v i t y  scrap m a t e r i a l  generated by 
DOE a c t i v i t i e s :  

Id; i s  the p r a c t i c e  i n  a l l  DOE f a c i l i t i e s  t o  consider  any m a t e r i a l  brought 
i n t o  a process o r  l a b o r a t o r y  area as contaminated when i t  leaves as waste, 
whether i t  has contacted r a d i o a c t i v e  m a t e r i a l  o r  not .  Th is  i s  because o f  

i f f i c u l t y  and expense o f  measuring each p iece  o f  paper, c l o t h ,  rubber,  
e tc .  t o  a l e v e l  t h a t  w i l l  assure t h a t  contaminat ion l e v e l s  are minimal 

p t ~and a ~ ~ f o r  ~u n c o n t r o l l e d  ~release. ~This~ r e s u l t s  i n  a d i l u t i o n  of 
t h e  ~ o n t a ~ i ~ ~ ~ e ~wastes w i t h  t h i s  c lean  m a t e r i a l .  Some a d d i t i o n a l  d i l u t i o n  
a r i s e s  from t h e  f a c t  t h a t  most o f  t h e  boxes w i l l  have lower concentrat ions 
than those a t  t e maximum l i m i t  s e t  f o r  b u r i a l .  

The authors then est imate t h e  degree o f  d i l u t i o n  wrought by t h i s  p r a c t i c e .  A 
survey of t h e  f i v e  major DOE s i t e s  was referenced which i n d i c a t e d  t h a t  g rea te r  
than 97% o f  t h e  waste disposed a t  these s i t e s  i s  o n l y  very l i g h t l y  r a d i o a c t i v e  

ected o f  be ing r a d i o a c t i v e  because o f  t h e  p lace  t h a t  i t  i s  generated. 
es account f o r  86% o f  t h e  t o t a l  waste volume generated by DOE and 

99.9+% o f  t h e  a c t i v i t y . )  As s t a t e d  by t h e  authors,  i f  i t  i s  assumed t h a t  t h e  
3% o f  t he  waste t h a t  i s  contaminated i s  a t  a maximum l i m i t  and the  remaining 
97% i s  e i t h e r  c lean  o r  o n l y  s l i g h t l y  r a d i o a c t i v e ,  then d i l u t i o n  by a f a c t o r  of 
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about 30 would occur. The authors a l s o  c i t e  n ine months o f  da ta  regard ing the  
t ransu ran ic  content  o f  room t r a s h  obta ined from the  Plutonium Research and 
Development F a c i l i t y  a t  Los Alamos S c i e n t i f i c  Laboratory. From t h i s  data,  t h e  
authors est imate t h a t  f o r  a l i m i t  o f  10 nCi/gm, a d i l u t i o n  f a c t o r  o f  20-60 c o u l d  
be expected f o r  these wastes (Ref .  6). 

F i n a l l y ,  Healy and Rogers d i f f e r e n t i a t e  between wastes such as t r a s h ,  where 
considerable d i l u t i o n  w i t h  uncontaminated m a t e r i a l  would be expected t o  occur, 
and wastes such as sludges packaged i n  degradable con ta ine rs  o r  ash from 
i n c i n e r a t e d  combustibles, which would be expected t o  be more u n i f o r m l y  contami­
nated. I n  t h e i r  work, t h e  authors i nco rpo ra ted  a d i l u t i o n  f a c t o r  o f  20 f o r  
m a t e r i a l  such as t r a s h  from water t reatment  and a d i l u t i o n  f a c t o r  o f  1 (no d i l u ­
t i o n )  f o r  more u n i f o r m l y  contaminated m a t e r i a l  (Ref. 6). 

I n  t h e  i n t e r e s t  o f  ma in ta in ing  exposures t o  l e v e l s  as l o w  as reasonably achiev­
able,  t he  NRC s t a f f  b e l i e v e  maximum a l l owab le  concentrat ions equ iva len t  t o  t h e  
c a l c u l a t e d  maximum average concentrat ions should be conserva t i ve l y  se t .  Th is  
minimizes t h e  p o t e n t i a l  long-term hazard f r o m  l o n g - l i v e d  rad ionuc l i des .  NRC 
s t a f f  a l s o  be l i eves ,  however, t h a t  t h e r e  should be f l e x i b i l i t y  and t h a t  
except ions should be considered when t h e r e  i s  good reason t o  do so. Examples 
would i nc lude  a l l o w i n g  a h igher  maximum concen t ra t i on  f o r  s h o r t - l i v e d  isotopes 
and/or f o r  concentrat ions i n  waste forms t h a t  a re  on l y  present  i n  small  q u a n t i t i e s .  

A s p e c i f i c  example i n  t h i s  ma t te r  i s  t h e  i so tope  Cs-137. Th is  isotope,  which 
i s  a beta-gamma e m i t t e r  having a h a l f - l i f e  o f  30 years,  i s  present  i n  s i g n i f i c a n t  
q u a n t i t i e s  i n  some waste. F o r  example, from 25 t o  75 percent  o f  t h e  a c t i v i t y  i n  
spent LWR r e s i n s  can be due t o  Cs-137. I n  t h e  analyses performed i n  Chapters 4, 
5, 6, concentrat ions o f  Cs-137 were used which were based upon geometric means 
o f  a number o f  da ta  p o i n t s .  However, t he re  was a considerable range i n  the  
concentrat ions i n  s p e c i f i c  data p o i n t s .  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  t he  
ana lys i s  i n  Chapter 4 cou ld  underestimate t h e  volume (and costs)  o f  LWR wastes 
which would have t o  be processed and disposed by more expensive means. I f  t he  
Cs-137 concentrat ions were a f a c t o r  o f  10 h igher ,  t h e  o v e r a l l  i n t r u d e r  hazard 
a t  100 years would n o t  be g r e a t l y  increased ( the  volume-weighted hazard would 
s t i l l  be less than 500 m i l l i r e m ) .  Use o f  t h e  h igher  concentrat ions would n o t  
e f f e c t  t h e  long-term p o t e n t i a l  hazard. 

The Cs-137 concentrat ions may t h e r e f o r e  be r a i s e d  by a f a c t o r  o f  10 i n  Table 7 . 1  
f o r  Columns 2 and 3. A higher  f a c t o r - i . e . ,  20--can be i nco rpo ra ted  i n t o  Column 1 
t o  account f o r  t he  preponderance o f  t r a s h  i n  t h a t  c lass  which would c o n t a i n  
very l o w  concentrat ions o f  cesium o r  none a t  a l l .  

7.2.6 Transuranic Isotopes 

For a number o f  years,  a de f a c t o  l i m i t  o f  10 nCi/gm has been a p p l i e d  t o  near-
sur face d isposal  o f  t r ansu ran ic  waste. A t  one t i m e ,  t r a n s u r a n i c  waste was 
disposed a t  several  near-surface d isposal  f a c i l i t i e s  operated by t h e  AEC i n  
a d d i t i o n  t o  5 o f  t h e  6 commercial d isposal  f a c i l i t i e s .  However, i n  1970, 
t h e  AEC i n i t i a t e d  a p o l i c y  whereby government-produced wastes c o n t a i n i n g  most 
TRU isotopes i n  concentrat ions g rea te r  than 'LO nanocuries pe r  gram o f  waste 
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m a t e r i a l  were p laced i n t o  r e t r i e v a b l e  storage pending t r a n s f e r  t o  a r e p o s i t o r y  
f o r  u l t i m a t e  d isposal .  The 10 nanocur ie pe r  gram l i m i t  was based upon rough 
comparison w i t h  t h e  p o t e n t i a l  hazards o f  upper concen t ra t i on  l e v e l s  o f  n a t u r a l l y  
o c c u r r i n g  radium i n  the  e a r t h ' s  c r u s t .  However, TRU waste generated as a r e s u l t  
o f  AEC (and l a t e r  DOE) c o n t r a c t s  w i t h  p r i v a t e  c o n t r a c t o r s  and some DOE prime 
con t rac to rs )  was s t i l l  sent  t o  commercial d isposal  f a c i l i t i e s ,  i n  a d d i t i o n  t o  
TRU wastes from commercial mixed ox ide f u e l  f a b r i c a t i o n  f a b r i c a t o r s  and source 
manufacturers. 

Re t r i evab le  storage o f  commercial ly-generated TRU waste (pending development 
of an u l t i m a t e  r e p o s i t o r y  o f  t h e  waste) by t h e  fede ra l  government was t h e  
i n t e n t  o f  a r u l e  proposed by AEC i n  1974. Under t h i s  proposed r u l e ,  commercial 
TRU waste would have been consigned t o  r e t r i e v a b l e  storage f a c i l i t i e s  operated 
by t h e  fede ra l  government pending t h e  development o f  a f a c i l i t y  f o r  t h e  u l t i m a t e  
d i s p o s i t i o n  o f  t h e  waste. A s e n s i t i v i t y  l e v e l  o f  10 nanocuries pe r  gram was 
proposed f o r  measurements t o  determine the  presence o r  absence o f  TRU contamina­
t i o n .  A t  t h e  t i m e  o f  t h e  proposed r u l e ,  i t  was expected t h a t  commercial r e c y c l e  
o f  p lu ton ium f u e l  f o r  use i n  breeder reac to rs  and i n  l i g h t - w a t e r  reac to rs  as a 
mixed ox ide would g r e a t l y  increase i n  t h e  near f u t u r e .  I t  was expected t h a t  
s i g n i f i c a n t  a d d i t i o n a l  volumes and q u a n t i t i e s  o f  TRU waste m a t e r i a l  would, 
t h e r e f o r e ,  soon be generated. 

Th is  r u l e ,  however, has never been f i n a l i z e d .  The d r a f t  environmental impact 
statement publ ished i n  support  o f  t h e  proposed r u l e  was withdrawn by t h e  Energy 
Research and Development Admin i s t ra t i on  (ERDA) when t h e  AEC was reorganized t o  
f o r m  ERDA and NRC. The Department o f  Energy (DOE), ERDA's successor, i s  con­
t i n u i n g  t h e  p o l i c y  o f  r e t r i e v a b l e  storage o f  government-produced TRU waste. 

I n  the  meantime, i n d i v i d u a l  s t a t e  i n i t i a t i v e s  have r e s u l t e d  i n  a 10 nanocur ie 
pe r  gram d isposal  l i m i t  f o r  TRU waste a t  a l l  ope ra t i ng  commercial low- level  
waste d isposal  f a c i l i t i e s .  Although a t  one t ime f i v e  o f  t h e  s i x  commercial 
LLW d isposal  s i t e s  accepted TRU waste f o r  d isposal  ( t h e  Barnwel l ,  South 
Caro l i na  f a c i l i t y  has never accepted TRU waste f o r  d i sposa l ) ,  t h i s  p r a c t i c e  
has been d iscont inued.  The l a s t  commercial f a c i l i t y  t o  accept TRU waste f o r  
d isposal  was the  s i t e  l o c a t e d  i n  t h e  cen te r  o f  t h e  Hanford Reservat ion near 
Richland, Washington and operated by U.S. Ecology, I n c .  From 1976 t o  1979, 
t h e  Richland f a c i l i t y  was t h e  on ly  commercial d isposal  f a c i l i t y  accept ing TRU 
waste f o r  d i sposa l .  TRU waste acceptance a t  t h e  Rich land f a c i l i t y  i n  concentra­
t i o n s  exceeding 10 nCi/gm was p r o h i b i t e d  by t h e  s t a t e  o f  Washington i n  November 1979. 

P r i o r  t o  t h e  c u t o f f  o f  TRU d isposal  a t  t he  Richland f a c i l i t y ,  t h e r e  was (compared 
t o  TRU wastes generated by t h e  fede ra l  government) r e l a t i v e l y  l i t t l e  TRU waste 
generated by t h e  commercial sector .  There i s  no opera t i ng  commercial nuc lear  
f u e l  reprocess ing i n d u s t r y ,  and i n  1976, Pres ident  Car te r  announced a n a t i o n a l  
p o l i c y  o f  deferment o f  f u e l  reprocessing. Th is  p o l i c y  o f  d e f e r r i n g  f u e l  reproc­
ess ing a l s o  h a l t e d  most o f  t he  mixed oxide f u e l  research and development work 
i n  t h e  commercial sector .  A t  t h e  t ime o f  t he  c u t o f f ,  most o f  t he  TRU waste 
generated f r o m  t h e  commercial sec to r  was generated through decontamination of 
t he  e x i s t i n g  commercial mixed-oxide f u e l  f a b r i c a t i o n  t e s t  f a c i l i t i e s .  
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Although i t  has been shown t h a t  t h e  .federal government and the  nuc lear  i n d u s t r y  
can r e a d i l y  meet a 10 nCi/gm TRU l i m i t a t i o n  on near-surface waste d isposal - -
whether as a ma t te r  o f  p o l i c y  o r  l i c e n s e  c o n d i t i o n - - t h e r e  has been i n t e r e s t  i n  
d e r i v i n g  a l i m i t  by more formal ana lys i s .  I f  a h ighe r  l i m i t  than 10 nCi/gm 
cou ld  be j u s t i f i e d ,  then the re  cou ld  be an economic ga in  r e a l i z e d .  The e a r l i e r  
c l a s s i f i c a t i o n  work (Refs. 2 and 3) suggested t h a t  t h e  l i i it, based upon shal low 
l a n d  b u r i a l ,  cou ld  be p o t e n t i a l l y  r a i s e d  t o  about 100 nCi/cm3 (about 60 nCi/gm). 
However, t h i s  l i m i t  was c a l c u l a t e d  b,ased upon use o f  t h e  o l d e r  ICRP-2 lung  model. 

I n  t h e  work conducted by Healy and Rodgers f o r  DOE t o  determine l i m i t s  f o r  
shal low land  TRU d isposal ,  t h e  newer t a s k  group lung  model was used, i n  a d d i t i o n  
t o  some d i f f e r e n t  assumptions regard ing ac t i ons  o f  a p o t e n t i a l  i n t r u d e r  (Ref. 6). 
I n  t h i s  work, lower t ransu ran ic  concentrat ions were ca lcu lated--e.g. ,  i n  the  
range o f  2 t o  50 nCi/gm, depending upon t h e  assumed d i s t r i b u t i o n  o f  contaminat ion 
i n  t h e  waste. The lower number was c a l c u l a t e d  f o r  contaminat ion which i s  un i form 
through the  waste w h i l e  t h e  h ighe r  number was c a l c u l a t e d  f o r  contaminat ion which 
i s  d i s t r i b u t e d  through t h e  waste so t h a t  t h e  average concen t ra t i on  i s  5% of t he  
maximum concentrat ion.  

Based upon t h e  work performed f o r  t h i s  environmental impact statement as w e l l  
as work performed by others,  NRC s t a f f  decided n o t  t o  r a i s e  t h e  ex is t l ’ng working 
l i m i t  o f  1 0  nCi/gm. Th is  d e c i s i o n  i s  based on several  f a c t o r s .  I n  the  work 
f o r  t h i s  environmental impact statement, t h e  newer t a s k  group lung  model was 
a l s o  used, and as shown i n  Table 7.1, maximum average concentrat ions f o r  
near-surface d isposal  o f  many t ransu ran ic  isotopes were c a l c u l a t e d  t o  be i n  
t h e  range o f  10 nCi/cm3 ( the  same value f o r  a d e n s i t y  equal t o  water). These 
c a l c u l a t i o n s  a re  conservat ive i n  t h a t  they do n o t  a l l o w  f o r  d i l u t i o n  by o the r  
wastes. I n  t h e  s p i r i t  o f  t h e  ALARA concept, t he  lower value o f  10 nCi/ 
been demonstrated as an achievable concen t ra t i on  t o  c o n t r o l  t h e  d isposal  o f  
t r a n s u r a n i c  nuc l ides.  This  value has been imposed by the  Department o f  Energy 
f o r  some eleven years and by most o f  t h e  commercial d isposal  s i t e  operators  f o r  
n e a r l y  t h a t  long. The l a s t  commercial s i t e  imposed t h e  10 nCi/gm r e s t r i c t i o n  
i n  1979. Thus, t h e r e  i s  no need t o  increase the  l i m i t  f r o m  t h e  s tandpoint  o f  
a c h i e v a b i l i t y .  There i s  a l s o  a tendency toward a more conservat ive assessment 
o f  t h e  hazard of c e r t a i n  t ransu ran ic  nuc l ides (Ref .  13) and i t  does n o t  seem 
prudent  a t  t h i s  t ime t o  use h igher  c a l c u l a t e d  values. As more i n f o r m a t i o n  7s 
obta ined regard ing t h e  phys io log ica l i  d i s t r i b u t i o n  and e f f e c t s  o f  r a d i o a c t i v i t y  
and as improved models d e s c r i b i n g  t h i s  d i s t r i b u t i o n  are implemented g e n e r a l l y  
more r e s t r i c t i v e  TRU impacts a re  ca l cu la ted .  The t r e n d  i n  r a d i a t i o n  dose 
c a l c u l a t i o n s  methodology t h e r e f o r e  does n o t  appear t o  genera l l y  j u s t i f y  loosening 
t h e  e x i s t i n g  working l i m i t .  

I n  a d d i t i o n ,  i t  i s  b e l i e v e d  t h a t  most o f  t he  p o t e n t i a l  f o r  economic gain t h a t  
would r e s u l t  f r o m  a h ighe r  l i m i t  (say i n  t h e  range o f  100 nCi/grn) would be 
negated by c u r r e n t  l i m i t a t i o n s  i n  r o u t i n e  measurement techniques. That i s ,  i t  
i s  d i f f i c u l t  t o  r o u t i n e l y  nondes t ruc t i ve l y  analyze TRU content  i n  a waste 
c o n t a i n e r - - p a r t i c u l a r l y  i n  a gamma r a d i a t i o n  f i e l d .  Thus, m o s t  waste which 
c u r r e n t l y  f a l l s  under the  heading o f  be ing  transuranic-contaminated does so 
because i t  i s  suspected o f  be ing transuranic-contaminated. F o r  example, i t  
o r i g i n a t e s  f r o m  a work area i n  which TRU isotopes are known t o  be present.  Even 
i f  t h e  c u r r e n t  working l i m i t  were t o  be ra i sed ,  i t  i s  n o t  l i k e l y  t h a t  t he  c u r r e n t  
p r a c t i c e  o f  c l a s s i f y i n g  waste as TRU due t o  susp ic ion  would s i g n i f i c a n t l y  change. 
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I n  adopt ing t h e  e x i s t i n g  l i m i t  o f  10 nCi/gm, NRC s t a f f  recognizes t h a t  t h e  
p r i n c i p a l  concern regard ing  p o t e n t i a l  f u t u r e  h e a l t h  hazards o f  TRU d isposa l  i s  
due t o  l o n g - l i v e d  a lpha a c t i v i t y .  However, many TRU isotopes a re  s h o r t - l i v e d  
and/or a re  n o t  a lpha emi t te rs .  Some have h a l f - l i v e s  l e s s  than seconds. 
Therefore,  i t  i s  be l i eved  t o  be genera l l y  appropr ia te  t o  r e s t r i c t  t h e  10 nCi/gm 
l i m i t  t o  a lpha emi t te rs  w i t h  h a l f  l i v e s  g rea te r  than 5 years.  One except ion 
t o  t h i s  r u l e  would be Pu-241, which i s  a be ta  e m i t t e r  which decays w i t h  a 
13 .2  year  h a l f - l i f e  t o  Am-241, which i s  an a lpha e m i t t e r  hav ing a h a l f - l i f e  o f  
458 years.  By  t h e  t ime t h e  100-year i n s t i t u t i o n a l  c o n t r o l  p e r i o d  ends, any 
Pu-241 disposed i n  a near sur face  d isposal  f a c i l i t y  w i l l  be approximately 
one-two hundredths o f  i t s  former a c t i v i t y .  Impacts t o  a p o t e n t i a l  i nadve r ten t  
i n t r u d e r  would most ly  r e s u l t  f rom t h e  daughter product ,  Am-241. The r a t i o  o f  
t h e  s p e c i f i c  a c t i v i t y  o f  Pu-241 t o  Am-241 i s  about 35. Thus, t o  ma in ta in  an 
equ iva len t  l i m i t  f o r  a lpha e m i t t e r s  o f  10 nCi/gm, a l i m i t  o f  350 nCi/gm cou ld  
be a l lowed f o r  Pu-241. 

7.3 CONSIDERATION OF GROUND-WATER IMPACTS 

The analyses i n  t h e  prev ious  sec t ions  es tab l i shed  concent ra t ion  l i m i t s  f o r  
c lasses o f  waste based upon cons ide ra t i on  o f  d i r e c t  con tac t  o f  t h e  disposed 
waste by a p o t e n t i a l  i nadve r ten t  i n t r u d e r .  I n  t h i s  sec t ion ,  a d d i t i o n a l  
cons ide ra t i on  i s  g i ven  t o  t h e  impacts o f  ground-water m ig ra t i on .  

Based on t h e  work performed i n  Chapter 5 and as discussed i n  Sect ion 7.1,  i t  
appears t h a t  a t  l e a s t  two c lasses o f  waste may be es tab l i shed  based upon consider 
a t i o n  o f  ground-water m i g r a t i o n  and long-term cos ts  t o  a s i t e  owner: 

1. 	 Wastes which need n o t  be p laced i n t o  a s tab le  form. That i s ,  the  
wastes con ta in  s u f f i c i e n t l y  low q u a n t i t i e s  of rad ionuc l ides  t h a t ,  
p rov ided they are  disposed i n  a segregated manner f rom h igher  a c t i v i t y  
waste -streams, would n o t  be expected t o  cause a severe ground-water 
m i g r a t i o n  problem. 

2. 	 Wastes which should be p laced i n t o  a s t a b l e  waste form and disposed 
i n  a segregated manner from unstable waste streams. 

C lea r l y ,  these two waste c lasses are  complementary t o  t h e  f i r s t  two c lasses 
based upon i n t r u d e r  considerat ions.  I n  a d d i t i o n ,  t he re  may a l so  be another 
c lass  o f  waste which may con ta in  q u a n t i t i e s  o f  rad ionuc l i des  f o r  which 
a d d i t i o n a l  requirements f o r  ground-water p r o t e c t i o n  may be needed, o r  which 
may n o t  be s u i t a b l e  f o r  near-surface d isposa l .  For t h e  ana lys i s ,  one approach 
would be t o  e s t a b l i s h  average concent ra t ion  l i m i t s  f o r  t h e  above two groundwater 
c lasses and t o  compare t h e  c a l c u l a t e d  l i m i t s  w i t h  l i m i t s  developed from i n t r u d e r  
cons idera t ions .  However, t h i s  would n o t  appear t o  be p a r t i c u l a r l y  u s e f u l .  
Ground-water impacts a re  cons iderab ly  more s i t e - s p e c i f i c  than concentrat ion-
l i m i t e d  i n t r u d e r  impacts. I n  a d d i t i o n ,  groundwater impacts a re  c a l c u l a t e d  
from t h e  t o t a l  a c t i v i t y  of d isposed wastes, r a t h e r  than the  concentrat ions i n  
any p a r t i c u l a r  waste stream. I n  add i t i on ,  ground-water impacts a re  r e l a t e d  t o  
t h e  s p e c i f i c  environmental  cond i t i ons  o f  t h e  s i t e  and t h e  design and opera t ion  
o f  t h e  d isposa l  f a c i l i t y .  Rather than e s t a b l i s h  concent ra t ion  l i m i t s  f o r  
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rad ionuc l i des ,  a b e t t e r  approach would be t o  e s t a b l i s h  i nven to ry  l i m i t s  on a 

s i t e  and f a c i l i t y  s p e c i f i c  bas i s  f o r  those nuc l i des  t h a t  a re  impor tan t  w i t h  

respec t  t o  ground-water migra t ion .  


I n  t h e  prev ious  ana lys i s  i n  Chapter 5, t h e  NRC s t a f f  has i d e n t i f i e d  th ree  

i so topes  which a re  bo th  l ong  l i v e d  and mobi le.  That i s ,  t h e  iso topes  move 

w i t h  t h e  approximate speed o f  t h e  ground water and i o n  exchange has r e l a t i v e l y  

l i t t l e  e f f e c t  t o  r e t a r d  movement. These iso topes  i nc lude  C-14 (5,730 year  

h a l f - l i f e ) ,  Tc-99 (2.12 x lo5 year  h a l f - l i f e ) ,  and 1-129 (1.7 x lo7 year  

h a l f - l i f e ) .  These iso topes  have been i d e n t i f i e d  as those c o n t r i b u t i n g  t h e  

p r i n c i p a l  long-term ground-water impacts. T r i t i u m  has a l s o  been i d e n t i f i e d  as 

an i so tope  r e s u l t i n g  i n  p o t e n t i a l l y  s i g n i f i c a n t  ground-water impacts. Although 

i t  i s  r e l a t i v e l y  s h o r t  l i v e d  (12.3 year  h a l f - l i f e ) ,  i t  has t h e  h ighes t  leach 

f a c t o r  o f  t h e  rad ionuc l i des  considered i n  t h e  ana lys i s  and has a r e t a r d a t i o n  

f a c t o r  equal t o  1 (moves w i t h  t h e  speed o f  ground water). I n  a d d i t i o n ,  t r i t i u m  

composes t h e  l a r g e s t  i nven to ry  o f  a l l  t h e  rad ionuc l i des  disposed i n  t h e  re fe rence 

d isposa l  f a c i l i t y .  As shown i n  Chapter 5,  impacts due t o  m i g r a t i o n  o f  t r i t i u m  

are  almost t o t a l l y  observed c lose  t o  t h e  d isposa l  f a c i l i t y ,  and i t  i s  t h e  most 

s i g n i f i c a n t  c o n t r i b u t o r  t o  exposures a t  t h e  boundary w e l l .  Fa r the r  away from 

t h e  d isposa l  f a c i l i t y - - e . g . ,  a t  t h e  popu la t i on  w e l l  and sur face  water access 

l o c a t i o n - - t h e  ground-water m i g r a t i o n  t ime i s  such t h a t  t r i t i u m  decays t o  the  

p o i n t  t h a t  i t  i s  n o t  a p a r t i c u l a r  problem. 


For these f o u r  isotopes, NRC s t a f f  be l i eves  t h a t  each d isposa l  f a c i l i t y  should 

be analyzed on a case-by-case bas is  and based on t h e  ana lys i s ,  i nven to ry  l i m i t s  

es tab l i shed  f o r  each f a c i l i t y  t h a t  should n p t  be exceeded. 


I n  a d d i t i o n ,  t he  analyses i n  Chapter 5 a l s o  i d e n t i f i e d  t h e  f a c t  t h a t  t h e  

presence o f  c e r t a i n  chemicals (e.g. c h e l a t i n g  agents) i n  l a r g e  concent ra t ions  

i n  waste increased t h e  p o t e n t i a l  f o r  m i g r a t i o n  o f  rad ionuc l i des .  Small 

q u a n t i t i e s  o f  these agents containeld i n  waste do n o t  s i g n i f i c a n t l y  inc rease 

t h e  p o t e n t i a l  f o r  m ig ra t i on .  Large s i n g l e  o r  m u l t i p l e  shipments, however, 

cou ld  a f f e c t  t h e  long-term ground-water impacts. To address these aspects, 

wastes c o n t a i n i n g  c h e l a t i n g  agents i n  r e l a t i v e l y  l a r g e  amounts (de f i ned  by NRC 

t o  exceed O.l% by weight)  should be disposed o f  on l y  upon p r i o r  approval o f  

t h e  Commission. Th is  w i l l  enable s i t e  s p e c i f i c  cons ide ra t i on  o f  t h e  increased 

p o t e n t i a l  f o r  m i g r a t i o n  t h a t  d isposa l  o f  these chemicals a t  t h e  s i t e  migh t  

present .  


7.4 FINAL CLASSIFICATION 


Th is  s e c t i o n  presents t h e  f i n a l  c l a s s i f i c a t i o n  o f  waste f o r  near-surface 

d isposa l  based upon cons ide ra t i on  o f  t h e  prev ious  t h r e e  sec t ions  o f  t h i s  chapter .  

Th is  c l a s s i f i c a t i o n  i s  presented as a l i s t  o f  rad ionuc l i des  i n  Table 7.2.  I n  

t h e  t a b l e ,  Column 1 l i s t s  t h e  maximum concent ra t ions  (pCi/cm3) f o r  “Class A 

segregated waste.” Above these concent ra t ions ,  t h e  waste must be p laced i n t o  

a s t a b l e  waste form and disposed i n  a segregated manner from uns tab le  waste, 

and so becomes “Class B s t a b l e  waste.” Column 2 presents a l i s t  o f  concentr­ 

a t i o n s  above which t h e  Class B s t a b l e  waste becomes ”Glass C i n t r u d e r  waste.’’ 

That i s ,  these wastes must be i n  a s t a b l e  waste form, segregated from uns tab le  

waste forms, and a l s o  disposed w i t h  a b a r r i e r  t o  an i n t r u d e r .  Th is  b a r r i e r  


5 

.& 
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Table 7.2 Waste C l a s s i f i c a t i o n  Table 

I so tope  


Any w i t h  h a l f - l i f e  

l e s s  than 5 years  


H- 3 

C-14 

N i  -59 

CO-60 


N i  -63 

Nb- 94 

Sr-90 

Tc- 99 

I-129 

CS-135 

CS-137 

Enriched Uranium 

Natu ra l  o r  


Depleted uranium 
A1pha-emi tting 

t ransu ran ic  i so topes  
PU- 241 

Column 1 Column 2 

Maximum Concentra- Concentrat ions 

t i o n  f o r  Class A Above Which Some 

Segregated Waste. Wastes Become 

Above Th is ,  It Is Class C I n t r u d e r  

Class B S tab le  Waste pCi/cm3 

Waste pCi/cm3 


700 70,000 

40 108 
0.8 0.8 
2.2 2.2 
700 70,000 

3.5 70 
0.002 0.002 
0.04 150 
0.3 0.3 
0.008 0.008 
84 84 
1.0 44 
0.04 0.04 

0.05 0.05 

Column 3 

Maximum 

Concentrat ion 

For Any 

Waste Class 

pCi/cm3 


Theore t i ca l  maximum 

s p e c i f i c  a c t i v i t y  

Theore t i ca l  maximum* 
S p e c i f i c  A c t i v i t y  
0.8" 
2 .2  
Theore t i  c a l  maxi mum 

s p e c i f i c  a c t i v i t y  
70 
0.002 
700 
0.3* 
0.008" 
84 
4600 
0.04 

0.05 

10 nCi/g 
350 nCi/g 

"Near-surface d isposa l  f a c i l i t i e s  w i l l  be l i m i t e d  t o  a s p e c i f i e d  q u a n t i t y  f o r  
t h e  d isposa l  s i t e .  Th is  q u a n t i t y  w i l l  be determined a t  t h e  t ime  t h e  l i c e n s e  
i s  i ssued and will be governed l a r g e l y  by t h e  c h a r a c t e r i s t i c s  o f  t h e  s i t e .  

For i so topes  conta ined i n  metals,  metal a l l o y s ,  o r  permanently f i x e d  on metal 
as contaminat ion,  t h e  values above may be increased by a f a c t o r  o f  t en ,  except 
n a t u r a l  o r  dep le ted  uranium which can be t h e  n a t u r a l  s p e c i f i c  a c t i v i t y .  

For i so topes  n o t  l i s t e d  above, use t h e  values f o r  Sr-90 f o r  b e t a - e m i t t i n g  
iso topes  w i t h  l i t t l e  o r  no gamma r a d i a t i o n ;  t h e  values f o r  Cs-137 f o r  beta-
e m i t t i n g  iso topes  w i t h  s i g n i f i c a n t  gamma r a d i a t i o n ;  and t h e  values f o r  U-235 
f o r  a lpha -emi t t i ng  iso topes  o t h e r  than radium. 

Wastes c o n t a i n i n g  c h e l a t i n g  agents i n  concent ra t ions  g rea te r  than 0 . B  are  n o t  
p e r m i t t e d  except as s p e c i f i c a l l y  approved by t h e  Commission. 

For  mix tu res  o f  t h e  above iso topes ,  t h e  sum o f  r a t i o s  o f  an i so tope  concentra­
t i o n  i n  waste t o  t h e  concen t ra t i on  i n  t h e  above t a b l e  s h a l l  n o t  exceed one f o r  
any waste c lass .  

Concentrat ions may be averaged over t h e  volume o f  t h e  package. For a 55-ga l lon  
drum, m u l t i p l y  t h e  concen t ra t i on  l i m i t s  by 200,000 t o  determine a l lowab le  t o t a l  
a c t i v i t y .  

U n t i l  es tab l i shment  and adopt ion  o f  o t h e r  values o r  c r i t e r i a ,  t h e  values i n  t h i s  
t a b l e  ( o r  g r e a t e r  concent ra t ions  as may be approved by t h e  Commission i n  
p a r t i c u l a r  cases) s h a l l  be used i n  c a t e g o r i z i n g  waste f o r  near-surface d i sposa l .  
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c o u l d  take  many forms (e.g., concrete covers), b u t  t h e  minimum acceptable b a r r  e r  
would be d isposal  so t h a t  a minimum o f  5 meters o f  e a r t h  o r  lower a c t i v i t y  
(Class B) waste, o r  a combination t h e r e o f ,  separates t h e  waste from t h e  p o t e n t  a1 
i n a d v e r t e n t  i n t r u d e r .  Other types o f  b a r r i e r s  would a l s o  be considered on a 
case-by-case basis.  

Column 3 presents a l i s t  o f  r a d i o n u c l i d e  concentrat ions above which the  waste 
would g e n e r a l l y  n o t  be considered s u i t a b l e  f o r  near-surface d i sposa l .  Wastes 
which exceed t h i s  concen t ra t i on  would need t o  be disposed o f  by d isposal  methods 
p r o v i d i n g  g rea te r  p r o t e c t i o n  aga ins t  p o t e n t i a l  i n t r u s i o n .  These methods cou ld  
i n c l u d e  much deeper d isposal ,  mined c a v i t y  d isposal ,  o r  spec ia l  engineered 
d isposal  techniques. As noted i n  Chapter 2, NRC p lans t o  address these o the r  
methods i n  subsequent rulemaking ac t i ons .  

As discussed i n  Sect ion 7.1, NRC a l s o  considered t h e  use o f  a s p e c i a l l y  designed 
and engineered near-surface d isposal  f a c i l i t y  (a  " h o t  waste'' f a c i l i t y )  f o r  
d isposal  o f  wastes c o n t a i n i n g  rad ionuc l i des  i n  concentrat ions exceeding those 
l i s t e d  i n  Column 3. NRC has n o t  l i s t e d  these concentrat ions because a t  t h i s  
t ime  s t a f f  be l i eves  t h a t  t h e r e  a re  some u n c e r t a i n t i e s  i nvo l ved  i n  use o f  such 
a f a c i l i t y  and t h e  volume o f  waste which cou ld  r e q u i r e  d isposal  by t h i s  method 
would be small .  NRC s t a f f  would p r e f e r  t o  address use o f  t h i s  p o t e n t i a l  d isposal  
method on a case-by-case bas i s .  From t h e  a n a l y s i s  performed, however, t h e  NRC 
s t a f f  be l i eves  t h a t  such an engineered d isposal  method would be s u j t a b l e  f o r  
wastes c o n t a i n i n g  h igher  ( than Column 3) concentrat ions o f  r e l a t i v e l y  s h o r t - l i v e d  
isotopes such as Cs-137, Sr-90, o r  Ni-63. The a d d i t i o n a l  long-term p r o t e c t i o n  
from l o n g e r - l i v e d  isotopes would be n e g l i g i b l e .  

Waste f o r m  requirements f o r  t h e  t h r e e  classes o f  waste a re  presented i n  Table 7.3. 
These requirements were developed based upon t h e  analyses i n  Chapters 4 through 6, 
and can be separated i n t o  minimum requirements and s t a b i l i t y  requirements. 
The minimum requirements a re  p r i n c i p a l l y  meant t o  he lp assure opera t i ona l  s a f e t y  
d u r i n g  handl ing and d i sposa l ,  and should be m e t  by a l l  waste c lasses. The 
s t a b i l i t y  requirements are t o  be met by Classes B and C and are main ly  intended 
t o  he lp p rov ide  l o n g  t e r m  s t r u c t u r a l  s t a b i l i t y  and t o  minimize p o t e n t i a l  f o r  
i n a d v e r t e n t  i n t r u s i o n  i n t o  and m i g r a t i o n  from Class B and Class C waste. I n  
a d d i t i o n ,  each package o f  waste must be l a b e l e d  t o  i d e n t i f y  whether i t  i s  
Class A ,  B o r  C waste and t h e  t o t a l  a c t i v i t y  o f  H-3, C-14, 1-129 and Tc-99 
must be shown i n  the  sh ipp ing  mani fest  t o  enable t h e  s i t e  operator  t o  ma in ta in  
an i n v e n t o r y  o f  these isotopes disposed o f  a t  each s i t e .  

A lpha-emi t t ing t r a n s u r a n i c  isotopes w i t h  a h a l f  l i f e  g rea te r  than 5 years a re  
l i m i t e d  t o  10 nCi/gm f o r  near sur face d isposal .  F o r  Pu-241, which i s  a be ta  
e m i t t e r  and decays t o  Am-241, a l i m i t  o f  350 nCi/gm i s  estab l ished.  

As shown on t h e  t a b l e ,  t h e r e  i s  no upper l i m i t  on t h e  a l lowable concen t ra t i on  
o f  any i so tope  w i t h  a h a l f - l i f e  under 5 years,  H-3, o r  Co-60. The c a l c u l a t e d  
l i m i t s  exceed t h e  n a t u r a l  s p e c i f i c  a c t i v i t y  o f  the isotopes. For isotopes w i t h  
h a l f - l i v e s  l e s s  than 5 years i n  Columns 1and 2, NRC s t a f f  have used t h e  concen­
t r a t i o n  l i m i t s  f o r  Co-60. This  i s  b e l i e v e d  t o  be conservat ive,  s ince Go-60 
emits two energe t i c  gamma rays.  As discussed e a r l i e r ,  t h e r e  i s  l i t t l e  cause 
f o r  concern f o r  p o t e n t i a l  i n t r u d e r  impacts f o r  isotopes w i t h  h a l f - l i v e s  l e s s  
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Table 7 . 3  	Waste Form and Packaging Requirements in 

Accordance with Waste Classification 

-

1. 


2. 

. .  3. 

4. 

5 .  

6. 


7. 

8. 


1. 


2. 


3. 

Minimum R,equirementsfor all Waste Classes 


The waste must be packaged and the waste form and packaging must meet all 

applicable transportation requirements of the Commission set forth in 10 CFR 

Part 71 and of the Department of Transportation set forth in 49 CFR 

Parts 171-179,as applicable. 


Wastes must not be packaged for disposal in cardboard or fiberboard boxes. 


Waste containing liquids must be packaged in sufficient absorbent material 

to absorb twice the volume of the liquid. 


Waste must not be readily capable of detonation or of  explosive decomposition 

o r  reaction at normal pressures and temperatures, or o f  explosive reaction 

with water. 


Waste must not contain, or be capable of generating, quantities o f  toxic 

gases, vapors, or fumes harmful to persons transporting, handling, or 

disposing of the waste. 


Wastes must not be pyrophoric. Pyrophoric materials contained in wastes 

shall be treated, prepared, and packaged to be nonflammable. 


Wastes in a gaseous form must be packaged at a pressure that does not exceed 

one atmosphere at 20°C. Total activity must not exceed 100 curies per

container. 


Wastes containing biological, pathogenic, or infectious material must be 

treated to reduce to the maximum extent practicable the potential hazard. 


Stability Requirements for Classes B and C 


Waste must have structural stability. Structural stability can be provided
by the waste form itself, processing the waste to a stable form, or placing
the waste in a disposal container or  structure that provides stability
after disposal. A stable waste form will maintain its physical dimensions 
within 5% and its form, under the expected disposal conditions o f  compressive
load of 50 psi, and factors such as the presence of moisture, and microbial 
activity, and internal factors such as radiation effects and chemical 
changes. Stability is intended to assure that the waste does not degrade
and promote slumping, collapse, or other failure of the disposal unit and 
thereby lead to water infiltration. Stability is also a factor in limiting 
exposure to an inadvertent intruder, since it provides a recognizable and 
nondispersible waste. 

Liquid wastes, or wastes containing liquid, must be converted into a form 
that contains a$ little free-standing noncorrosive liquid as is reasonably
achievable, but in no case shall the liquid exceed I% of the volume of 
the waste. 

Void spaces within the waste and between the waste and its package must 

be reduced to the extent practicable. 
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than 5 years. For example, and as shown in Section 7.2, the calculated limits 
for Fe-55, which has a 2.6 year half-life, exceeded the natural specific activity 
o f  the isotope in all columns. The principal reason for inclusion of classifi­
cation limits is to help provide some additional operational safety during

1 ing and disposal. 


Other considerations are discussed below. 


. %  Limits for Ground-Water Migration 

T h e  concentration limits in the three columns were established based upon con­
sideration of impacts to a potential inadvertent intruder. The NRC staff also 
elieves that ground-water impacts are of critical importance but recognizes
he extremely site-specific nature of ground-water migration and potential Iimpacts. In ddition, ground-water impacts are a function of the total E 

~ ~ ~ e n ~ o r y 
o f  articular radionuclides at the disposal facility, and it is 
difficult to onvert this total inventory to concentration limits. Therefore, ii 

G has adopted a different approach for ground-water migration. I 

Iased on the analyses in Chapter 5 and as discussed in Section 7.3, four 
isotopes were identified that are most important with respect to groundwater
impacts. For these isotopes--H-3, @-14, Tc-99, and I-l29--NRC staff believes 

it would be most workable to analyze each disposal facility on a case-by­

basis, Depending upon the specific environmental conditions of the disposal


facility, as well as the particular design of the disposal facility, a maximum 

site inventory of these radionuclides would be derived for the particular site. 

Then, a running inventory of these isotopes from waste delivered to the disposal

facility would be maintained. This will also require special consideration by 

waste generators for the reporting of these isotopes. 


I 

7.4.2 Isotopes Not on List 

The table lists 11 isotopes having half-lives over 5 years, natural, depleted
uranium, plus transuranic radionuclides. These are believed t o  

erally cover many, if not most, of the longer-lived radionuclides currently 
o any disposal facility. Of the hundreds of radioactive isotopes 
een identified, most have half-lives in the range of days or less 
out PQO have half-lives exceeding 5 years. Many of these isotopes 

so exceedingly long-lived--e.g., K-40 (1.26 x lo9 year half-life), Pt-190 
9 x 1OlP year half-?ife), Re-187 (4.3 x 1010 year-half life)--or occur in 

such small abundances that development of classification limitations is not 
lieved to be o f  high pricarity. 

o w e v ~ r ~ 
i t  i s  recognized that there are several isotopes--particularly those 
of heavy metals such as thorium, lead, or radium--for which concentration limits 
s h o u l d  be developed. Others may also be identified. Development of concentration 
limits for such radionuclides are planned subsequently. In the meantime, some 
working concentration limits should be considered for isotopes not presently
~ ~ ~ l ~ ~ e d .For these, the NRC staff believes a reasonable, yet conservative, 
su’ie of  thumb would be the following: 
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o 	 Use of values for Sr-90 for beta-emitting isotopes with little or no 
gamma radiation; 

o 	 Use of values for Cs-137 for beta-emitting isotopes with significant 
gamma radiation; and 

o 	 Use of values for enriched uranium (U-235) for alpha-emitting isotopes
other than radium. 

Far radium, no limits are established as of yet. In addition, the limits 

established for natural uranium do not consider the ingrowth of daughter

nuclides. NRC plans to analyze daughter ingrowth and determine whether the 

calculated values change based on consideration of daughter nuclides. 


Mixtures of Radioisotopes 


The list a's given for concentrations of single isotopes. However, LLW packages
delivered to disposal facilities seldom contain just one radioisotope; generally,
the waste packages contain a mixture of radioisotopes. To account for this 
mixture, NRC staff propose to apply a similar sum-of-the-fractions rule to that 
described in Table I1 of the existing 10 CFR Part 20. That is, the sum of ratios 
of an isotope concentration in waste to the Concentrations in the table shall 
n o t  exceed unity for any waste class. That is, 

'a cc 

-+ - + - -< 1,where 
"a C'C 

Ca' 0'cc = concentrations in waste of isotopes a, b, and c; 

C'," C", C i c= 	limiting concentrations in a given waste class for 
isotopes a, by and c. 

In addition, concentrations may be averaged over the volume of any package. 

For example, for a 55 gallon drum, the concentration limits may be multiplied 

by a factor of 200,000 (the approximate volume of a 55 gallon drum in cm3 to 

determine the allowable total activity that could be placed in a 55 gallon drum. 


7.5 I M ~ ~ � M E N ~ A T ~ O N 
OF WASTE CLASSIFICATION REQUIREMENT 


In order to implement a waste classification requirement, it will be necessary
for waste generators to identify and quantify specific radionuclides in the 
final waste form as shipped for disposal. The concentrations (or total inven­
tories) o f  the identi'fied radionuclides in each waste package would be recorded 
QKI the shipment manifest documents accompanying the waste packages. A l s o  indicated 
would be the c assification of the shipped waste packages (i.e., either Class A ,  
�3, o r  C ) .  The radionuclides listed explicitly in Table 7.2 are of particular 

ortance for identification due to their mobility in the environment and/or
t h e i r  potentia hazard to an inadvertent intruder. 
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This  can l e a d  t o  a number o f  ope ra t i ona l  d i f f i c u l t i e s ,  s ince (a) t he  i d e n t i t y  
and concen t ra t i on  o f  rad ionuc l i des  i n  each waste package must be determined 
and entered on the  shipment man i fes t  p r i o r  t o  removal o f  t h e  waste from t h e  
genera to r ' s  f a c i l i t y  and (b) t h e  a n a l y t i c a l  procedures f o r  a number o f  t he  
rad ionuc l i des  o f  i n t e r e s t  are complex, expensive, and time-consuming. It i s  
n o t  b e l i e v e d  p r a c t i c a l  i n  many cases t o  determine concentrat ions o f  a l l  r e l e v a n t  
s p e c i f i c  rad ionuc l i des  by d i r e c t  measurements. I n  some cases measurements o f  
gross r a d i o a c t i v i t y  may be used; f o r  example, (a) f o r  waste having odd geometries 
o r  phys i ca l  c h a r a c t e r i s t i c s  which make c o l l e c t i o n  o f  samples and/or data p r o h i b i ­
t i v e l y  d i f f i c u l t ;  (b) when t h e  t o t a l  gross r a d i o a c t i v i t y  concentrat ions are 
known t o  be a small  f r a c t i o n  o f  t h e  r a d i o a c t i v i t y  o f  t h e  mixtures o f  t h e  
rad ionuc l i des  l i s t e d  i n  the  r e l e v a n t  column o f  Table 7.2; o r  (c) when gross 
r a d i o a c t i v i t y  measurements a re  shown t o  be t r u l y  i n d i c a t i v e  o f  t h e  ac tua l  
concen t ra t i on  of  t h e  rad ionuc l i des  contained i n  the  waste. F o r  most h ighe r  
a c t i v i t y  waste streams such as those generated by nuc lear  f u e l  c y c l e  generators 
and occas iona l l y  by i n d u s t r i a l  and i n s t i t u t i o n a l  generators,  however, gross 
r a d i o a c t i v i t y  measurements may n o t  always be p r a c t i c a l  o r  acceptable. 

A measurement procedure t h e r e f o r e  would need t o  be implemented i n  many cases 
which would be a compromise between the  need t o  i d e n t i f y  and q u a n t i f y  s p e c i f i c  
rad ionuc l i des  and t h e  p r a c t i c a l  d i f f i c u l t i e s  i n  r o u t i n e l y  measuring a l l  r ad io -
nuc l ides.  One s o l u t i o n  cou ld  be t o  r o u t i n e l y  measure o n l y  those rad ionuc l i des  
t h a t  can be reasonably and accu ra te l y  measured w i t h o u t  t e r r i b l y  expensive and 
s o p h i s t i c a t e d  techniques. Concentrat ions o f  o the r  rad ionuc l i des  would be scaled 
t o  t h e  measured rad ionuc l i des  based upon e x i s t i n g  o r  genera to r -spec i f i c  data. 
A d d i t i o n a l  measurements would be performed t o  determine concentrat ions o f  o the r  
rad ionuc l i des  i f  t h e  measured r a d i o n u c l i d e  concentrat ions exceed g iven a c t i o n  
l e v e l s .  A more d e t a i l e d  s e t  o f  measurements cou ld  be performed p e r i o d i c a l l y  
(e -g . ,  annual ly  o r  semiannually) o r  a f t e r  a s i g n i f i c a n t  process change t o  
upgrade the  s c a l i n g  f a c t o r s  and the  a c t i o n  l e v e l s .  

F o r  purposes o f  rev iew and comment, NRC has prepared a s p e c i f i c  example on t h e  
use o f  s c a l i n g  f a c t o r s  and a c t i o n  l e v e l s  f o r  LWR waste streams. The example 
r e f l e c t s  t h e  type o f  guidance which cou ld  be s e t  ou t  i n  a r e g u l a t o r y  guide on 
c l a s s i f i c a t i o n  o f  waste. Two rad ionuc l i des  which are present  i n  LWR waste 
streams and can be r e a d i l y  measured by Ge(Li) gamma spectroscopy are Co-60 and 
Cs-137. I n  t h e  procedure, these two isotopes would be r o u t i n e l y  measured and 
t h e  concen t ra t i on  of o the r  rad ionuc l i des  est imated based upon s c a l i n g  f a c t o r s  
developed from e i t h e r  data s p e c i f i c  t o  t h e  f a c i l i t y  o r  from a s e t  o f  re ference 
s c a l i n g  f a c t o r s  developed from e x i s t i n g  data. Samples may be taken f o r  a n a l y s i s  
e i t h e r  from (a) t h e  f i n a l  waste form, o r  (b) t he  waste a f t e r  any and a l l  volume 
r e d u c t i o n  b u t  p r i o r  t o  s o l i d i f i c a t i o n .  I f  t h e  concentrat ions o f  Co-60 o r  Cs-137 
exceed c e r t a i n  a c t i o n  l e v e l s ,  then o the r  rad ionuc l i des  would be measured. The 
a c t i o n  l e v e l s  used may a l s o  be e i t h e r  based upon data s p e c i f i c  t o  t h e  f a c i l i t y  
o r  f r o m  a s e t  o f  re ference a c t i o n  l e v e l s  based upon e x i s t i n g  data. I f  t h e  
concentrat ions o f  Co-60 and Cs-137 do n o t  exceed the  a c t i o n  l e v e l s ,  then o the r  
rad ionuc l i des  would n o t  need t o  be analyzed. 

An example s e t  o f  s c a l i n g  f a c t o r s  and a c t i o n  l e v e l s  has been d r a f t e d  and are 
i nc luded  here (Ref. 7). To e s t a b l i s h  these f a c t o r s  and a c t i o n  l e v e l s ,  est imates 
o f  upper-range concentrat ions o f  p a r t i c u l a r  rad io i so topes  were f i r s t  estab l ished.  



7- 24 


These upper-range est imates a re  presented i n  Table 7.4 and were made based upon 
maximum repor ted  concentrat ions obta ined from a number o f  s tud ies  per forming 
measurements o f  t r a n s u r a n i c  and o the r  r a d i o n u c l i d e  concentrat ions i n  LWR wastes 
(Refs. 8-11). For a number o f  rad ionuc l i des ,  however, t he re  was i n s u f f i c i e n t  
exper imental  data.  For these rad ionuc l i des ,  upper-range concentrat ions were 
est imated based upon use of  t h e  s c a l i n g  procedures used t o  e s t a b l i s h  the  waste 
stream concentrat ions i n  t h i s  environmental impact statement.' Concentrat ions 
a re  presented f o r  t h ree  BWR waste streams ( i o n  exchange res ins ,  concentrated 
l i q u i d s ,  and f i l t e r  sludge) and f o u r  PWR waste streams ( i o n  exchange res ins ,  
concentrated l i q u i d s ,  f i l t e r  sludge, and f i l t e r  ca r t r i dges ) .  (Add i t i ona l  
i n f o r m a t i o n  may be obta ined f r o m  Appendix D, and References 7 and 12.) 

Once t h e  upper-range concentrat ions were obtained, upper-range s c a l i n g  f a c t o r s  
f o r  s p e c i f i c  waste streams were ca l cu la ted .  These s c a l i n g  f a c t o r s  f o r  t h e  above 
t h r e e  BWR streams and f o u r  PWR streams a r e  g iven i n  Table 7.5. A c t i o n  l e v e l s  
a r e  then c a l c u l a t e d  by d i v i d i n g  the  concen t ra t i on  l i m i t s  i n  Table 7.2 by t h e  
s c a l i n g  f a c t o r s  i n  Table 7.5 t o  determine t h e  Co-60 and Cs-137 concentrat ions 
a t  which t h e  concentrat ions of rad ionuc l i des  more d i f f i c u l t  t o  measure would 
exceed these respec t i ve  l i m i t s .  These a c t i o n  l e v e l s  f o r  t h e  BWR and PWR waste 
streams considered a re  presented i n  Tables 7.6 and 7.7. 

As mentioned e a r l i e r ,  these s c a l i n g  f a c t o r s  and a c t i o n  l e v e l s  a re  b e l i e v e d  t o  
be g e n e r a l l y  conservat ive and would be used as an opt ion.  Genera l ly ,  a waste 
generator cou ld  develop h i s  own s c a l i n g  f a c t o r s  and a c t i o n  l e v e l s  based upon 
f a c i l i t y - s p e c i f i c  data. 



7-25 


o d d d N d o m d - m * O b a O N N  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 d 0 0  
+ + + + + + + I l l l + l l l l l 

w w w w w w w w w w w w w w w w w
N N m d - d N a c n b d b c n N 0 o d - a
m o a d * a a m F - m b m a O * a b. . . . . . . . . . . . . . . . .  
c n b N b * d - d - d N m N b b a d N m  

d 0 0 0 m O N m m m a d b m d b - f  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 d 0 Q  

+ + + l + l l l l l l l l l l l 

w w w w w w w w w w w w w w w w w
a d - o * o d * o a c n a o m a o N F ­
a N M a d d " a a a m N m m 0 O  
r-ir4Lir-iv-ir-iIirn4Li4r-irn4Li-i& 

O d d d N d O * * m d - O b a d N N  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 d 0 0  
+ + + + I + + l l l l + l l 8 l l 

w w w w w w w w w w w w w w w w w
m N a O o a a b m d - m a ~ a m m O
N d m a a b o o N b N N m a m o a  

N m d d N d d d m N m W m m c n N N  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
+ + + + l + + l l l l + l l l l l 

w w w w w w w w w w w w w w w w w
d - b m * b d 0 m 0 * 0 N d 0 0 0 a
* o b m m b d c n N c n N d N d o m N. . . . . . . . . . . . . . . . .  
d d c n N d d r - d - * m ' J = f d m b d d N  

N O N N d d O m m N m d a m m N N  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

d d N d N o d * m m m o d o * N N  
0 0 0 0 0 0 0 0 0 0 0 0 d d d 0 0  
+ l + + l + l l l l l + l l l l l 
w w w w w w w w w w w w w w w w w
b m d O m O N 0 m N m N 0 0 b m d ­
o d 0 o N N o m d - m d - m d a d a d ­. . . . . . . . . . . . .  
r i r n l - i - i d d d m m N m N a * d c n d  

N o N d N o o m m N m d b a d m m  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 d 0 0  
+ + + + + + + + 1 1 1 + 1 1 1 1 1 
w w w w w w w w w w w w w w w w w
b a c n * m N b m o * o * m a a a d
N m m r n m ~ d ~ o m o m ~ * m m m  

l 



7-26 


. . . . . . . . . . . . .  
A m m a a a d m m m c v d m d  

v) 
a, 
c, 
v) 
m
3 

v) 
v) 
a,

V 
0

L 

a d - b m a b d ­
& I I I I I I  

3 w w w w w w  
d " N m a b  

v) o d - o o a m  
L L . . . . . .  

0 c v e - m w a d0 c,
lt- V 

m 
v) ILL 
0 mc, KV 
m 
IL 

cn O d O d - N N m m m m b a o d -
K + r + l l l l l l l l l + l 
*I- w w w w w w w w w w w w w w  
r- m m m m d - m m m o m d d b d ­m N c u o l - l o o m b o b d - d o a  
V w 
-5 v)aJ H
6, 
m 
7 

3 m m m d - a m  
V I- I I I I I I 
F w w u w w w  
m r l m m m m a  
V r - P J m o m m  

m 
b 

a, 

r­n m 
!­

h h 

o o c i  0 0 0 0 0  
P Q N  c,c ,c ,+c,  



7-27 


Table 7.6 Process Waste A c t i o n  L i m i t s  f o r  BWRs 

1. Class A Segregated Wastes 

Measured Co-6Q 

Conc . ( u c i  /cm3) 

5.8E+1 


Measured Cs-137 

Conc. (uCi/cm3) 

5.OE-3 

5.9E-2 

2.1E-1 

2.4E-1 

9.9E-1 


2. Class B S tab le  Waste 

Measured CO-60 

Conc. (uCi/cm3) 

LOE+2 

1.2E+3 

3.6E+3 


Measured Cs-137 

Conc. (uCi/cm3) 

5.OE-3 

5.9E-2 

2 . E - 1  
2.4E-1 
6.4�+0 
8.7E+I) 
1.4E-c-l 

3. Class C I n t r u d e r  Waste 

Measured CO-60 
Conc., (uCi/cm3) 
1.OE+2 
1.2E+3 

3.6E+3 


Measured Cs-137 

Conc. (uCi/cm3) 

5.OE-3 

5.9E-2 

2.1E-1 

2.4E-1 

6.4E+O 

8.7E+O 

1.4E+1 


Waste 
Stream A d d i t i o n a l  D i r e c t  Measurements 
Any* N i  -63 

CONCL IQ P 2 4 2u-
FSLUDGE Pu- 241 
CONC L I Q  TRU 
I X R E S I N  P 2 4 1U-

Any 5r-90 

Nb-94 
N i  -63 
n1-59 

CONC L I Q  Pu-241 
FSLUDGE Pu-241 
CONCLIQ TRU 
I X R E S I N  Pu-241 
Any C-14 
FSLUDGE TRU 
I X R E S I N  TRU 

Nb-94 
N i  -63 
n1-59 

CONCLIQ Pu-241 

FSLUDGE Pu-241 

CONCLIQ T RU 

I XRESIN pu-241 

Any 6-14 

FSLUDGE TRU 

I X R E S I N  TRU 


“Any = IXRESIN,  COMCLIQ, FSLUDGE. 
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Table 7.7 Process Waste A c t i o n  L i m i t s  f o r  PWRs 

1. Class A Segregated Wastes 

Measured Co-60 Waste 
Conc. (uCi/cm3) Stream 
5.2E+O Any" 
Measured Cs-137 
Con. (uCi/cm3) 
1.3E-3 C O N C L I Q  
1.7E-3 FCA RTRG 
3.2E FSLUDGE 
6.3E-2 A nY 
6.5E-2 I X R E S I N  
8.1E-2 FSLUDGE 
8.4E-2 Any
4.1E-1 FCARTRG 
6.OE-1 CONCLIQ 

2. Class B S tab le  Waste 

Measured Co-60 

Conc. (uCi/cm3) 

P.OE+2 Any 

3.6E+3 A nY 

Measured Cs-137 

Conc. (uCi/cm3) 

1.3E-3 CONCLIQ 

1.7E-3 FCARTRG 

3.2E-3 FSLUDGE 

6.5E-2 I X R E S I N  

8.1E-2 FSLUDGE 

8.4E-2 Any

4.1E-1 FCARTRG 

6.OE-1 CONCLIQ 


,1.43+1 I X R E S I N  

1.5E+1 Any 


3. Class C I n t r u d e r  Waste 

Measured Co-60 

Conc. (uCi/cm3) 

1.OE+2 Any 

3.6E+3 Any 

Measured Cs-137 

Conc. (uCi/cm3) 

1.3E-3 CONCLIQ 

1.7E-3 FCARTRG 

3.2E-3 FSLUDGE 

6.5E-2 I X R E S I N  

8.1E-2 FSLUDGE 

8.4E-2 Any

4.1E-1  FCARTRG 

6.OE-1 CONCLIQ 

1.4E+1 IXRES I N  

1.5E+1 A nY 

1.1E+3 A nY 

2.5E+3 FSLUDGE 


*Any = I X R E S I N ,  CONCLIQ, FSLUDGE, FCARTRG 

A d d i t i o n a l  D i r e c t  Measurements 

ni-63 


Pu-241. 

Pu-241 

Pu-241 

5r-90 

Pu- 241 

TRU 

C- 14 

TRU 

TRU 


Ni-63, Nb-94 

n1-59 


Pu-241 

Pu-241 

Pu- 241 

Pu-241 

TRU 

C-14 

TRU 

TRU 

TRU 

1-129 


Ni-63, Nb-94 

n1-59 


Pu-241 

Pu- 241 

Pu-241 

Pu-241 

TRU 

C-14 

TRU 

TRU 

TRU 

I-129 

5r-90 

U-238 
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Chapter 8 

REGULATORY PROGRAM--PRESENTATION AND ANALYSIS OF ALTERNATIVES 

8.1 INTRODUCTION AND SUMMARY 


The regulatory program is the combination of licensing procedures; require­
ments for recordkeeping, reports, and manifests; and participation by states 
and Indian tribes. The following discussion presents the existing licensing
procedures, requirements for recordkeeping and reports, and state and tribal 
participation; alternatives and rationale considered; and changes proposed.
The licensing procedures are discussed in two parts: (1) the licensing steps
and (2) the information requirements and necessary Commission findings. The 
major changes in the licensing steps are to add a tendering step, to clarify
renewals, and to define responsibilities and provide orderly steps after 
operations cease. The changes in required information and findings are 
directed at focusing on and complying with the performance objectives,
technical criteria, financial requirements, and institutional controls. None 
of the changes in licensing procedures are judged to be a significant incre­
mental burden. The major changes dealing with records, reports, and manifests 
are the initiation of a manifest system and specific reporting and recordkeeping
requirements on the disposal facility operator. The manifest system requires
the waste generator to provide more complete information in the shipping papers
and to track shipments. The incremental burden is judged small. The facility 
operator must submit annual reports keep more complete records and participate
in the manifest system. The new requirements reflect, to a large extent, 
existing practices imposed by host states and are not a significant new burden. 
The major changes concerning state and tribal participation are to propose a 
subpart establishing a formal mechanism for state and tribal participation in 
Commission license reviews, recognition of tribal rights, the initiation of 
interaction at the tendering step, and documentation concerning landownership
and institutional care arrangements. The proposed changes are expected to 
improve state, tribal, and public participation and have little incremental 
impact on the applicant, the NRC, or the states, tribes, or public. 

8.2 LICENSING PROCEDURES 

Licensing procedures are the legal and procedural steps covering and defining
the complete life cycle of a licensed activity. Requirements which the 
Commission must follow and which applicants must follow are included. Existing
regulations for receipt of waste radioactive material from other persons for 
commercial disposal define procedural requirements which the Commission will 
follow in 10 CFR Part 2. General requirements that are to be followed by all 
byproduct, source, and special nuclear material applicants and licensees are 
specified in 10 CFR Parts 30, 40,and 70. Policies and procedures for comply­
ing with the requirements of the National Environmental Policy Act (NEPA) o f  
1969 are prescribed in 10 CFR Part 51. The decisions to be made are which of  
the existing requirements should be kept or modified, which dropped, and what 
new requirements should be added. Where the requirements should be located in 
the regulations must a1so be decided. 
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The placement o f  requirements f o r  procedures f o r  a l and  d isposa l  f a c i l i t y  i s  a 
ma t te r  o f  e d i t o r i a l  preference and does n o t  a f f e c t  whether they  apply  o r  n o t  
and does n o t  a f f e c t  t h e  impacts. The approach taken was t o  t r y  and conso l ida te  
r e l a t e d  requirements as much as p o s s i b l e  and t o  re lega te  procedures which t h e  
Commission must f o l l o w  i n  process ing a p p l i c a t i o n s  t o  10 CFR P a r t  2, procedures 
f o r  app l i can ts  and l i censees  t o  t h e  new 'PO CFR P a r t  61, and procedures f o r  
complying w i t h  NEPA t o  10 CFR P a r t  51. 

A bas i c  o b j e c t i v e  i n  rev iewing  e x i s t i n g  procedura l  requirements was t o  l i m i t  
changes t o  those which would c l e a r l y  improve t h e  process. The f o l l o w i n g  
d iscuss ion  w i l l  rev iew t h e  e x i s t i n g  procedures and then d iscuss proposed 
changes i n c l u d i n g  r a t i o n a l e  and a l t e r n a t i v e s  considered. 

8 .2 .1  E x i s t i n g  Procedures 

8.2.1.1 L icens ing  Steps 

E x i s t i n g  procedures begin w i t h  r e c e i p t  o f  an app l i ca t i on .  The a p p l i c a t i o n  must 
be docketed upon r e c e i p t  (10 CFR 2.101(a)). Local s i t e  and a l t e r n a t i v e  s i t e  
governmental o f f i c i a l s  must be n o t i f i e d  by t h e  a p p l i c a n t  (10 CFR 2.101(b)), 
docket ing  n o t i c e d  i n  t h e  Federal Reg is te r  by t h e  Commission (10 CFR 2.101(d)), 
and t h e  Governor and s t a t e  o f f i c i a l s  n o t i f i e d  by t h e  Commission (10 CFR 2.101(d)). 
An environmental  r e p o r t  (ER) must accompany t h e  a p p l i c a t i o n  (10 CFR 5P.40(c)). 
Prov is ions  such as §30.32(f)  o f  P a r t  30 r e q u i r e  t h a t  t h e  ER be f i l e d  a t  l e a s t  
n ine  months be fore  cons t ruc t i on  begins;  however, 10 CFR 30.33(a)(5) p rov ides  
t h a t  c o n s t r u c t i o n  cannot beg in  u n t i l  NEPA rev iew by t h e  Commission i s  f i n i shed .  
Under e x i s t i n g  r u l e s ,  hear ings are  h e l d  o n l y  i f  requested by t h e  a p p l i c a n t  o r  
i n t e r e s t e d  p a r t i e s .  Hear ing procedures are  descr ibed i n  10 CFR Pa r t  2 .  

A f t e r  t h e  Commission completes i t s  rev iew and prepares an environmental  impact 
statement (10 CFR 51.5(b)), a dec i s ion  t o  i ssue or deny t h e  a p p l i c a t i o n  i s  made. 
I f  no hear ings have been requested and t h e  dec i s ion  i s  t o  i ssue a l i cense ,  
t h e  n o t i c e  o f  t h e  proposed a c t i o n  must be pub l ished i n  t h e  Federal Reg is te r  
(10 CFR 2.105(a)(2)). I f  no request  f o r  hear ings are  f i l e d  a f t e r  t h e  proposed 
a c t i o n  i s  no t iced ,  t h e  l i c e n s e  i s  i ssued (10 CFR 2.105(e)> and s t a t e  and l o c a l  
o f f i c i a l s  a re  n o t i f i e d  and issuance n o t i c e d  i n  t h e  Federal Reg is te r  (2.105(e) 
and 2.106(a)(l)). I f  hear ings a re  requested, they  a re  h e l d  i n  accordance w i t h  
t h e  r u l e s  i n  10 CFR P a r t  2 beginn ing w i t h  hear ings be fore  an Atomic Safety  and 
L icens ing  Board (ASLB). An Atomic Safe ty  and L icens ing  Appeal Board and/or 
the  Commission may rev iew t h e  f i n d i n g s  of t h e  ASLB o r  t h e  ASLB f i n d i n g s  may be 
appealed t o  t h e  Appeal Board o r  t h e  Commission and t o  t h e  cour ts .  Upon 
r e s o l u t i o n  of t h e  hear ings, reviews, and appeals a l i c e n s e  i s  issued and 
n o t i c e d  i n  t h e  Federal Regis ter .  

A f t e r  t h e  l i c e n s e  i s  issued i t  may be amended. Prepara t ion  o f  ERs and E I S s  
i s  judgmental under P a r t  5 1  f o r  amendments. I f  no hear ings are  requested and 
i f  t h e  amendment i nvo l ves  a s i g n i f i c a n t  hazards cons idera t ion ,  i t  must be 
n o t i c e d  i n  t h e  Federal Reg is te r  as a proposed a c t i o n  (2.105(a)(3)) and no t i ced  
a f t e r  issuance (2.106(a)( l>) .  Renewals a re  handled i n  t h e  same manner. Con­
t i n u e d  opera t ion  i s  prov ided i f  a t i m e l y  a p p l i c a t i o n  f o r  renewal i s  f i l e d  
(10 CFR 2.109). Terminat ion o f  l j censes  i s  handled as an amendment and i s  n o t  
s p e c i f i c a l l y  mentioned i n  t h e  regu la t i ons .  
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8.2.1.2 Contents o f  App l i ca t i ons  

Par t s  30, 40, and 70 prov ide  general requirements f o r  contents o f  a p p l i c a t i o n s  
and f i n d i n g s  necessary f o r  i s s u i n g  l icenses.  The requirements f o r  approving 
a p p l i c a t i o n s  a re  i n  ss30.33, 40.32, and 70.23(a). A d e c i s i o n  t h a t  t h e  a p p l i ­
c a n t ' s  t r a i n i n g  and experience and equipment and f a c i l i t i e s  a re  adequate must 
be made. Procedures must be adequate and t h e  proposed a c t i v i t i e s  au tho r i zed  
by t h e  Atomic Energy Act. 

8.2.2 Changes and A l t e r n a t i v e s  t o  E x i s t i n g  Procedures 

8.2.2.1 Scope o f  Procedures 

A fundamental issue f o r  t he  procedural  aspects o f  t h e  rulemaking i s  whether 
each o f  t he  procedures and requirements apply  t o  a l l  l a n d  d isposal  app l i can ts  
and l icensees o r  j u s t  t o  near-surface d isposal  app l i can ts  and l icensees. The 
l i c e n s i n g  steps t o  be p resc r ibed  i t ?  t h e  proposed rulemaking should be e q u a l l y  
v a l i d  f o r  a l l  methods o f  l a n d  d isposal .  The requirements f o r  contents  o f  
a p p l i c a t i o n s ,  Commission f i n d i n g s ,  and o the r  procedural  requirements can a l s o  
be general f o r  a l l  d isposal  methodls. 

8.2.2.2 L i cens ing  Steps 

8.2.2.2.1 Tendering 

A l t e r n a t i v e s  t o  t he  process beginning w i t h  docket ing were considered. One 
a l t e r n a t i v e  was t o  r e q u i r e  a n o t i c e  o f  i n t e n t  3-6 months before f i l i n g  an 
a p p l i c a t i o n .  The n o t i c e  o f  i n t e n t  would be used t o  n o t i f y  governors, l e g i s ­
l a t u r e s ,  o the r  s t a t e  o r  munic ipa l  o f f i c i a l s ,  o r  t r i b a l  governing bodies e a r l y  
i n  the  process. Pub l i c  concerns cou ld  be i d e n t i f i e d  and f a c t o r e d  i n t o  t h e  
a p p l i c a n t ' s  proposal  p r i o r  t o  submi t ta l .  Th is  a l t e r n a t i v e  was n o t  adopted 
because: (1) i t  added an a d m i n i s t r a t i v e  burden on the  a p p l i c a n t ;  (2) from a 
p r a c t i c a l  s tandpoint ,  i t  i s  probably  n o t  needed t o  assure e a r l y  s t a t e  i n p u t ;  
and (3) i t s  purpose can be accomplished by o the r  means. For example, e a r l y  
s t a t e  involvement i s  v i r t u a l l y  assured by the  "Low-Level Radioact ive Waste 
Pol i c y  Act" (Ref. 1) which s ta tes  t h a t :  

"each S ta te  i s  responsib le  f o r  p r o v i d i n g  f o r  t h e  a v a i l a b i l i t y  of capac i t y  
e i t h e r  w i t h i n  o r  ou ts ide  the  S ta te  f o r  t h e  disposal  o f  l ow- leve l  rad io ­
a c t i v e  wastes generated w i t h i n  i t s  borders except f o r  waste generated as 
a r e s u l t  o f  defense a c t i v i t i e s  o f  t h e  Secretary  o r  Federal research and 
development a c t i v i t i e s .  ' I  

States are rev iew ing  needs, developing compacts, and t a k i n g  o the r  a c t i v e  
measures concerning l ow- leve l  wastes. Any a p p l i c a n t  w i l l  have t o  develop a 
s i t e  i n  t h i s  context .  Fu r the r ,  s t a t e  ownership o f  t he  d isposal  s i t e  i s  l i k e l y  
and evidence o f  these nego t ia t i ons  are a r e q u i r e d  p a r t  o f  t h e  a p p l i c a t i o n .  

The second and p r e f e r r e d  a l t e r n a t i v e  was t o  p rov ide  a tender ing  step. T r e a t i n g  
t h e  a p p l i c a t i o n  f i r s t  as a tendered document a l lows t h e  Commission t o  determine 
t h e  e x t e n t  t o  which t h e  a p p l i c a t i o n  and environmental r e p o r t  are complete and 
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acceptable f o r  docket ing.  This  should he lp avo id  the delay associated w i t h  
f o r m a l l y  r e j e c t i n g  an a p p l i c a t i o n  o r  environmental r e p o r t  t h a t  has been 
docketed and save the  cos ts  o f  reproducing and d i s t r i b u t i n g  copies t h a t  are 
incomplete o r  otherwise unacceptable f o r  processing. N o t i f i c a t i o n  o f  s t a t e ,  
l o c a l ,  and t r i b a l  o f f i c i a l s  a t  t h i s  p o i n t  s t i l l  a l lows e a r l y  knowledge o f  t h e  
a p p l i c a n t ' s  plans. P u b l i c a t i o n  i n  the  Federal Regis ter  a t  t h i s  e a r l y  stage 
can be used t o  s o l i c i t  p u b l i c  views and comments f o r  cons ide ra t i on  by the  
Commission and app l i can t .  I f  t h e  a p p l i c a t i o n  and ER are acceptable f o r  
docket ing as i n i t i a l l y  submitted, t h e  t i m e  between tender ing  and docket ing 
cou ld  be on the  o rde r  o f  a month. Depending on t h e  nature o f  t he  miss ing 
i n fo rma t ion ,  t he  t ime cou ld  be several  months o r  more. Thus a t  no increased 
burden o r  de lay f o r  t h e  a p p l i c a n t ,  a p o t e n t i a l  method f o r  a d d i t i o n a l  t i m e  f o r  
p u b l i c  i n p u t  i s  provided. A new p r o v i s i o n  t o  e x p l i c i t l y  s t a t e  t h a t  Commission 
s t a f f  w i l l  be a v a i l a b l e  was a l s o  added t o  he lp assure e a r l y  i n t e r a c t i o n  w i t h  
s t a t e ,  county, and munic ipa l  o f f i c i a l s  and t r i b a l  governing bodies.  

8.2.2.2.2 Docket ing 

The p resc r ibed  a c t i v i t i e s  a t  t he  docket ina staae f o r  t h e  a p p l i c a n t  t o  d i s t r i b u t e  
copies and t h e  Commission t o  n o t i c e  docket ing i n  the  Federal Regis ter  remain 
v a l i d .  With t h e  tender ing  steps i n  p lace,  no a l t e r n a t i v e s  had m e r i t .  

8.2.2.2.3 NEPA 

The requirements f o r  the a p p l i c a n t  t o  submit an ER and t h e  Commission t o  pre­
pare an E I S  a re  c o n s i s t e n t  w i t h  NEPA and no a l t e r n a t i v e s  were considered. The 
e x i s t i n g  requirements, however, d e a l i n g  w i t h  when c o n s t r u c t i o n  may begin c o u l d  
be confus ing t o  app l i can ts .  Since c o n s t r u c t i o n  o f  a l a n d  d isposal  f a c i l i t y  
should n o t  be complex o r  take more than a f e w  months and s ince  e x i s t i n g  requ i re ­
ments p rov ide  t h a t  c o n s t r u c t i o n  may n o t  begin u n t i l  t h e  NEPA rev iew i s  completed, 
no good reason t o  change t h i s  requirement seemed t o  e x i s t .  The language was, 
however, s i m p l i f i e d .  The major b e n e f i t  o f  t h i s  requirement t o  n o t  begin con­
s t r u c t i o n  i s  t o  p rov ide  f l e x i b i l i t y  t o  consider a l t e r n a t i v e  s i t e s  w i t h o u t  t h e  
i n f l u e n c e  o f  commitments by t h e  a p p l i c a n t  a t  one s i t e .  S i t e  e x p l o r a t i o n  and 
associated a c t i v i t i e s  a re  p e r m i t t e d  and the  commitment t o  i n v e s t i g a t e  t h e  s i t e  
cannot be avoided. 

8.2.2.2.4 Cons t ruc t i on  A u t h o r i z a t i o n  

The r e l a t e d  issue o f  whether t o  i ssue  a separate a u t h o r i z a t i o n  f o r  construc­
t i o n  was a l s o  considered. Near-surface d isposal  f a c i l i t i e s  a r e  c u r r e n t  p r a c t i c e  
and a re  expected t o  dominate new a p p l i c a t i o n s .  T h i s  expec ta t i on  i s  discussed 
elsewhere and i s  t h e  bas i s  f o r  developing s p e c i f i c  t e c h n i c a l  requirements f o r  
t h i s  type f a c i l i t y  f i r s t .  The b u i l d i n g  o f  support  f a c i l i t i e s  such as adminis­
t r a t i v e  o f f i c e s ,  h e a l t h  phys ics l abs ,  e t c . ,  and p r e p a r a t i o n  o f  a near-surface 
f a c i l i t y  f o r  beginn ing operat ions would n o t  o r d i n a r i l y  i n v o l v e  s u f f i c i e n t  
commitments t o  necess i ta te  a separate a u t h o r i z a t i o n  f o r  cons t ruc t i on .  The one-
step l i c e n s i n g  as p rov ided  f o r  under e x i s t i n g  r u l e s  was maintained. I f  t h i s  
one-step process should prove a burden f o r  o the r  l and  d isposal  methods, such as 
d isposal  i n  a mine, exemptions can be granted f o r  c o n s t r u c t i o n  work a t  t h e  
a p p l i c a n t ' s  r i s k .  Before a u t h o r i z i n g  r e c e i p t  o f  waste, however, NRC w i l l  
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i n s p e c t  t he  f a c i l i t y  t o  determine whether t h e  f a c i l i t y  i s  i n  conformance w i t h  
t h e  d e s c r i p t i o n ,  design, and c o n s t r u c t i o n  descr ibed i n  the  a p p l i c a t i o n .  

8.2.2.2.5 Hearings 

The o n l y  a l t e r n a t i v e  t o  h o l d i n g  hear ings i f  requested i s  t o  r e q u i r e  hear ings. 
T h i s  a l t e r n a t i v e  was considered b u t  n o t  adopted f o r  t w o  p r i n c i p a l  reasons: 
(1) o the r  means o f  i n p u t  i n t o  t h e  rev iew o f  t he  a p p l i c a t i o n  and environmental 
r e p o r t  a re  a v a i l a b l e  and (2) t he  d e s i r e  t o  minimize t h e  burden on app l i can ts  
c o n s i s t e n t  w i t h  hea l th ,  sa fe ty ,  and environmental r e s p o n s i b i l i t i e s .  State,  
l o c a l  and county o f f i c i a l s ,  i n d i a n  t r i b e s ,  and t h e  p u b l i c  can p a r t i c i p a t e  i n  
t h e  E I S  scoping process and comment on t h e  d r a f t  and f i n a l  E I S  documents. As 
discussed e a r l i e r ,  t h e  s t a t e  w i l l  p robably  be i n v o l v e d  under t h e  "Low-Level 
Radioact ive Waste P o l i c y  Act"  and i s  a p o t e n t i a l  landowner o f  t he  d isposal  s i t e .  
Hearings r e q u i r e  s i g n i f i c a n t  resources o f  a l l  p a r t i e s  i n v o l v e d  and a t  l e a s t  a 
year t o  complete. I f  issues can be reso lved  by l e s s  formal methods, a l l  b e n e f i t .  
The proposed r e v i s i o n s  t o  10 CFR P a r t  2 i n c l u d e  o f f e r i n g  a s i n g l e  o p p o r t u n i t y  
f o r  a hear ing t o  t h e  a p p l i c a n t  and o the r  a f f e c t e d  persons i n  a Federal Regis ter  
n o t i c e  a f t e r  docketing. The n o t i c e  would be i n  accordance w i t h  e x i s t i n g  requ i re ­
ments i n  g2.105. N o t i c i n g  i s  n o t  r e q u i r e d  f o r  t h e  a p p l i c a n t  o r  i n t e r e s t e d  p a r t i e s  
t o  request  hear ings b u t  i t  serves as a reminder. No changes were considered 
o r  proposed f o r  t he  hear ing process as c u r r e n t l y  de f i ned  i n  P a r t  2. Oppor tun i ty  
f o r  hear ings w i l l  a l s o  be s p e c i f i c a l l y  prov ided f o r  renewals, s i t e  c losure,  
l i c e n s e  t r a n s f e r ,  and l i c e n s e  te rm ina t ion .  

8.2.2.2.6 I s s u i n g  Licenses 

Licenses a r e  issued o r  denied under 32.103. Only a minor conforming change 
was considered and i t  was adopted. Sect ion 2.103 requ i res ,  among o the r  t h i n g s ,  
n o t i f i c a t i o n  o f  s t a t e  and l o c a l  o f f i c i a l s  f o r  i n i t i a l  issuance o f  a l i c e n s e  
f o r  commercial .disposal o f  wastes from o the r  persons. This  requirement was 
c l a r i f i e d  and moved t o  t h e  No t i ce  o f  Issuance s e c t i o n  (g2.106). The new sub­
s e c t i o n  makes i t  c l e a r  t h a t  any a c t i o n  t o  i ssue  a l i c e n s e  f o r  a l and  d isposal  
f a c i l i t y  o r  amendment o f  such a l i c e n s e  i n v o l v i n g  a s i g n i f i c a n t  hazard consider­
a t i o n  w i l l  be n o t i c e d  i n  t h e  Federal Regis ter  and o f f i c i a l s  n o t i f i e d  regard less 
of whether hear ings are h e l d  o r  not .  No o the r  changes t o  t h e  amendment process 
were considered o r  proposed. 

8.2.2.2.7 Renewals 

Experience w i t h  e x i s t i n g  s i t e s  has demonstrated a need t o  c l a r i f y  t h e  renewal 
process as i t  app l i es  t o  d isposal .  Two a l t e r n a t i v e s  were considered. One was 
t o  d e l e t e  t h e  p r o v i s i o n  f o r  l i c e n s e  e x p i r a t i o n  a l toge the r .  The l i c e n s e  would 
remain i n  e f f e c t  u n t i l  terminated. The disadvantage o f  t h i s  a l t e r n a t i v e  i s  
p r i m a r i l y  t h e  l a c k  o f  i n c e n t i v e  t o  update the  l i c e n s e  t o  r e f l e c t  t h e  develop­
i n g  s t a t e - o f - t h e - a r t  technology and t o  f u l l y  f a c t o r  ope ra t i ng  experience and 
new s i t e  i n f o r m a t i o n  and s i t e  performance i n t o  p e r i o d i c  reassessments o f  s i t e  
operat ions and p lanning.  The advantages are t h e  reduced burden i n  fees and 
resources devoted t o  t h e  renewal a p p l i c a t i o n  by t h e  l i censee  and i n  rev iew by 
t h e  Commission. The d i s c i p l i n e  o f  p e r i o d i c  renewals was chosen as the  p r e f e r r e d  
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a l t e r n a t i v e .  Other means o f  updat ing t h e  l i c e n s e  requirements such as submit­
t i n g  r e p o r t s  o r  reassessments under s p e c i f i c  c o n d i t i o n s  o f  t he  l i c e n s e  do n o t  
p rov ide  t h e  same degree o f  assurance t h a t  t h e  l i censee  and t h e  Commission w i l l  
ac t .  Consis tent  w i t h  e x i s t i n g  Commission p r a c t i c e  f o r  o the r  l icensees,  no 
s p e c i f i c  p e r i o d  f o r  t he  renewal i s  s p e c i f i e d  i n  t h e  r e g u l a t i o n s .  For most 
l icensees the  usual p e r i o d  s p e c i f i e d  by s p e c i f i c  l i c e n s e  c o n d i t i o n s  i s  f i v e  
years.  Shor ter  o r  longer  t imes a re  s p e c i f i e d  as judged appropr ia te.  Th is  same 
f l e x i b i l i t y  was re ta ined .  

The scope o f  t h e  renewal process was a l s o  c l a r i f i e d  based on experience w i t h  
t h e  e x i s t i n g  s i t e s .  The renewal app l i es  o n l y  t o  cont inued waste r e c e i p t  and 
d i sposa l  operat ions n o t  t h e  l i c e n s e e ' s  c o n t i n u i n g  respons ib i1 " i t y  f o r  disposed 
wastes. E x i s t i n g  s p e c i f i c  l i c e n s e  cond i t i ons  f o r  t h e  Barnwel l ,  South Caro l i na  
and Richland, Washington s i t e s  r e f l e c t  t h i s  scope. 

8.2.2.2.8 Closure 

I f  the  l i censee  no longer  wishes t o  rece ive  wastes, t h e  l i censee  must f i l e  an 
a p p l i c a t i o n  f o r  s i t e  c losure.  E x i s t i n g  r u l e s  such as §30.34(f) r e q u i r e  t h a t  
l icensees n o t i f y  t h e  Commission when they  p l a n  t o  d i scon t inue  l i c e n s e d  a c t i v i t i e s .  
Such procedures may be adequate when sealed sources, very  small  q u a n t i t i e s ,  o r  
very  s h o r t  h a l f - l i v e d  m a t e r i a l s  a r e  invo lved.  They a re  n o t  adequate f o r  an 
o r d e r l y  p r e p a r a t i o n  o f  t h e  d isposal  s i t e  f o r  c u s t o d i a l  care by t h e  landowner. 
The c losu re  a c t i v i t i e s  a re  s u f f i c i e n t l y  impor tan t  t h a t  s p e c i f i c  p r o v i s i o n s  and 
guidance f o r  t h i s  type o f  amendment was judged necessary and a l e s s  formal 
approval unacceptable. No a l t e r n a t i v e s  were considered. 

8.2.2.2.9 Postc losure 

Once c l o s u r e  p lans  a re  approved by s p e c i f i c  l i c e n s e  amendment and implemented, 
severa l  choices e x i s t .  The l i c e n s e  can be terminated o r  t r a n s f e r r e d  o r  t h e  
l i censee  can cont inue t o  c o n t r o l  t h e  s i t e  f o r  a p e r i o d  o f  pos tc losu re  observat ion 
and maintenance. Although much o f  t h e  work toward c l o s u r e  should be performed 
throughout the  opera t i ona l  pe r iod ,  some f i n a l  s i t e  con tou r ing  and p r e p a r a t i o n  
may be necessary. These measures need t ime  t o  s t a b i l i z e .  A d d i t i o n a l  assurances 
t h a t  t h e  s i t e  i s  perfopming as expected can be p rov ided  by a p e r i o d  o f  observat ion 
and moni tor ing.  I f  t h e  s i t e  c losu re  measures need m o d i f i c a t i o n  o r  c o r r e c t i o n ,  
t h e  f a c i l i t y  operator  would have t h e  b e s t  experience t o  c a r r y  o u t  t h e  modi f ica­
t i o n .  Regulatory c o n t r o l  and rev iew o f  these a c t i v i t i e s  prov ides a d d i t i o n a l  
assurances t h a t  t h e  p u b l i c  h e a l t h  and s a f e t y  are protected.  The performance 
o b j e c t i v e s  t o  p rov ide  s t a b i l i t y  o f  t h e  s i t e  a f t e r  c losu re  and t o  e l i m i n a t e  t h e  
need f o r  ongoing a c t i v e  maintenance i s  aimed a t  t h e  long-term care pe r iod .  
Continued r e s p o n s i b i l i t y  o f  t h e  f a c i l i t y  operator  f o r  a p e r i o d  o f  a t  l e a s t  f i v e  
years o f  pos tc losu re  observat ion and maintenance was judged t o  p rov ide  reasonable 
assurances w i t h o u t  undue burden (see t h e  s i t e  c l o s u r e  and s t a b i l i z a t i o n  r e q u i r e ­
ments i n  Chapter 5). 

Fo l l ow ing  t h e  p e r i o d  o f  l i c e n s e d  pos tc losu re  observat ion and maintenance, t h e  
t h e  l i c e n s e  may be terminated o r  t r a n s f e r r e d  t o  t h e  government agency which i s  
t o  p r o v i d e  c u s t o d i a l  care. The issue o f  whether t h e  s i t e  owner should be 
l i c e n s e d  and, i f  so, how, i s  a t  t he  h e a r t  o f  t h i s  dec is ion.  By p e r m i t t i n g  use 
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of federal or state land or accepting title to the land, the government agency

has accepted responsibility for long-term institutional control of the site. 

The nature and duration of the controls needed to assure that the performance

objectives will be met is one of the findings the Commission must make in 

licensing the land disposal facility and in all subsequent licensing actions. 

For most land disposal facilities, reliance is placed on the institutional 

control and without it the public health and safety cannot be assured. The 

type of monitoring or surveillance performed might need to be changed during

the custodial period based on site performance or other factors. In view of 

the reliance on institutional controls and the potential need for reassessing

the control program, licensing the landowner was judged necessary for the 

Commission to fulfill its responsibilities. 


The final question is how to license the custodial agency. The alternatives 

considered included: (1) issuing a general license to state and federal agencies

for custodial care, (2) termination of the facility operator's license and issuing 
a new specific license to the custodial agency, (3) transferring an appropriately
conditioned license to the custodial agency, (4) making the custodial agency a 
colicensee when the site is licensed, and (5) requiring that the custodial agency
be the only licensee. The general license approach would provide regulatory

authority over activities, provide a mechanism for requiring reports and allow 

inspections. The difficulty i s  in the site-specific nature of the control 
program, particularly the monitoring, and in the potential need to alter the 
program during the institutional control period. The general license does not 
provide sufficient flexibility and was not selected. Terminating one license 
and issuing another is procedurally more complex and requires development of  
specific requirements for contents and reviewing of such applications. Any
action to terminate one license would have to be taken concurrently with the 

issuance of the new license to provide continuity of responsibility. Transfer 

of  the license would accomplish continuity. Both would involve custodial agency 
consent to be a 14censee. Consent by the agency has the advantage that the 
agency can assure that the site meets any applicable requirements not covered 
by the Commission's authority and that staff and resources are arranged to 

implement custodial care. It has the disadvantage that the agency may delay 

consent beyond the time the operator planned for in his financial arrangements. 


Another way to assure continuity is to require that the state or federal agency
be a colicensee when the site is initially licensed. The operators's responsi­
bility would be terminated by amending the license to delete the operator and 
leave the agency as the only licensee. This arrangement does not eliminate the 
need for agreement between the parties but does provide the greatest assurances 
of responsibility. Colicensee arrangements involve complex agreements and 
arrangements between the two parties to clearly define roles and responsibility.
Covering all situations can prove difficult. Because of the complexities and 
uncertainties a colicensee arrangement was nat mandated. A final option
considered was to require that the custodial agency be the only licensee. Any
cornmericial firm involved would be a contractor only. The Commission has no 
basis to deny the commercial sector the right to be a licensee under existing
authority. This option would require the government agency t o  be involved in 
the day-to-day operation at the site. The agency would be responsible for all 
activities and would, at the very ?east, have to audit and oversee the activities. 
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This  o p t i o n  would e l i m i n a t e  t h e  p o t e n t i a l  u n c e r t a i n t i e s  and problems associated 
w i t h  te rm ina t ion ,  t r a n s f e r ,  o r  even amendment t o  de le te  a col icensee. 

The o p t i o n  se lec ted  i s  t r a n s f e r  o f  t h e  l i cense  t o  t h e  s i t e  owner. Administra­
t i v e  convenience and c o n t i n u i t y  a re  p rov ided a t  l i t t l e  r i s k  o r  burden t o  t h e  
l icensee.  The op t ions  f o r  co l icensees and s i t e  owner as r e q u i r e d  l i censee  a re  
n o t  prec luded by t h e  p r e f e r r e d  o p t i o n  and may w e l l  be t h e  o p t i o n  fo l l owed  i n  
some cases. 

Ac t i ve  i n s t i t u t i o n a l  care w i l l  be necessary t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and 
s a f e t y  f o r  a f i n i t e  per iod .  I n  analyses and f i n d i n g s  throughout  t h e  e a r l i e r  
l i c e n s i n g  phases, 100 years i s  t h e  upper l i m i t  assumed f o r  i n s t i t u t i o n a l  c o n t r o l .  
Unless new i n f o r m a t i o n  develops o r  f u t u r e  generat ions apply  d i f f e r e n t  c r i t e r i a ,  
t h e  l i c e n s e  should be terminated when t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l s  a re  no 
longer  necessary and ove rs igh t  and r e g u l a t o r y  a u t h o r i t y  i s  no longer  necessary. 
The on ly  a l t e r n a t i v e  i s  t o  leave the  l i c e n s e  open ended. A c u t o f f  p o i n t  and a 
s p e c i f i c  p r o v i s i o n  f o r  t e rm ina t ion  was judged pre ferab le .  

8.2.2.2.10 Summary 

I n  summary, t h e  l i c e n s i n g  steps have been mod i f i ed  t o  add a tender ing  s tep,  t o  
c l a r i f y  renewal , and t o  de f i ne  responsi  b i  1it i e s  and p rov ide  o r d e r l y  steps a f t e r  
operat ions cease. S p e c i f i c  l i c e n s e  amendments a re  proposed f o r  s i t e  c losure ,  
t r a n s f e r  t o  t h e  s i t e  owner, and te rmina t ion .  The changes i n  l i c e n s i n g  steps 
have been chosen t o  minimize t h e  burdens on a l l  p a r t i e s .  The incremental  
impacts caused should be p o s i t i v e  i n  t h a t  more s p e c i f i c  guidance i s  p rov ided 
and r o l e s  a re  more c l e a r l y  def ined.  No q u a n t i t a t i v e  est imate o f  t h e  impacts 
was attempted. 

8.2.2.3 Contents o f  App l i ca t i ons  and F ind ings 

The l i c e n s e  procedures a l s o  i n v o l v e  i n fo rma t ion  exchange, analyses, and f i n d ­
ings  a t  each step. The e x i s t i n g  very  general  requirements do n o t  p rov ide  
s p e c i f i c  guidance t o  app l i can ts  o r  t h e  Commission. The bas ic  requirements 
such as complying w i t h  t h e  Act,  must s t i l l  be met b u t  quest ions such as  how 
much d e t a i l  should be i n  t h e  regu la t i ons  and how much de fe r red  t o  o the r  p a r t s  
o f  t h e  r e g u l a t o r y  framework (e.g., r e g u l a t o r y  guides, branch p o s i t i o n s ) ;  how 
much f l e x i b i l i t y  can app l i can ts  and l icensees be g iven and s t i l l  accomplish 
t h e  goal  o f  m in imiz ing  r e s o l u t i o n  o f  issues on a case-by-case bas is ;  and what 
i s  t h e  r e s u l t i n g  burden on app l i can ts ,  l icensees,  o r  the  Commission were 
considered i n  ana lyz ing  t h e  contents  o f  a p p l i c a t i o n s  and o t h e r  ac t i ons  requ i red .  
The r e s u l t s  h o p e f u l l y  represent  a reasonable balance o f  such cons idera t ions .  

8 .2.2.3.1 Contents o f  App l i ca t i ons  

The p r i n c i p a l  purpose o f  t h e  i n fo rma t ion  i n  an a p p l i c a t i o n  i s  t o  i n fo rm t h e  
Commission o f  t h e  na ture  o f  t h e  p r o j e c t  and t h e  sa fe ty  eva lua t ions  t h a t  have 
been performed t o  evaluate whether t h e  p r o j e c t  can be c a r r i e d  ou t  w i t h o u t  
undue r i s k  t o  t h e  h e a l t h  and s a f e t y  o f  t h e  p u b l i c .  The documentation o f  t h e  
i n f o r m a t i o n  i s  t h e  p r i n c i p a l  means (a) f o r  an a p p l i c a n t  t o  p rov ide  t h e  i n f o r ­
mat ion needed t o  understand t h e  bas is  on which t h i s  conc lus ion  has been 
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reached; (b) t o  be referenced i n  t h e  l i c e n s e  t o  descr ibe t h e  bas i s  on which 
t h e  l i c e n s e  i s  issued; and (c) used by Commission i nspec to rs  t o  determine 
whether t h e  p r o j e c t  i s  be ing c a r r i e d  o u t  w i t h i n  t h e  l i c e n s e d  cond i t i ons .  

A l i s t i n g  o f  t h e  con ten t  o f  an a p p l i c a t i o n  should be i nc luded  t o  serve as a 
c h e c k l i s t  and index t o  t h e  requirements i n  t h e  r u l e .  It should be organized 
t o p i c a l l y  so t h a t  requirements a re  grouped toge the r  according t o  subject .  The 
t o p i c s  should i n c l u d e  general i n fo rma t ion ,  s p e c i f i c  t e c h n i c a l  i n fo rma t ion ,  
t e c h n i c a l  ana lys i s ,  i n s t i t u t i o n a l  c o n t r o l ,  f i n a n c i a l  i n fo rma t ion ,  and a c a t c h a l l :  
o the r  i n fo rma t ion .  

The general  i n f o r m a t i o n  r e q u i r e d  inc ludes t h e  i d e n t i t y  o f  t h e  a p p l i c a n t  ( t h e  
i n f o r m a t i o n  requested should be s i m i l a r  t o  t h a t  requested i n  e x i s t i n g  
r e g u l a t i o n s ,  e.g., §70.22(a)(1), b u t  should emphasize knowing e x a c t l y  what 
corporate arrangements e x i s t ) ;  t h e  commitments f o r  f i n a n c i a l  assurances and 
t h e  long-term r e s p o n s i b i l i t i e s  o f  t h e  s i t e  operator ;  a d e s c r i p t i o n  o f  t h e  
t e c h n i c a l  q u a l i f i c a t i o n s  o f  t h e  a p p l i c a n t  ( e x i s t i n g  r e g u l a t i o n s ,  e.g., 
§70.22(a)(6), a l ready r e q u i r e d  t h i s  i n fo rma t ion ) ;  t he  o rgan iza t i ona l  s t r u c t u r e  
and maintenance o f  a t r a i n e d  complement o f  personnel; and a general descr ip­
t i o n  o f  t h e  planned a c t i v i t y  and types o f  waste t o  be accepted f o r  d isposal  
(e.g., see e x i s t i n g  §§70.22(a)(2) and (4)). 

The s p e c i f i c  t e c h n i c a l  i n f o r m a t i o n  t o  be i nc luded  covers t h e  data base needed 
t o  demonstrate compliance w i t h  t h e  performance o b j e c t i v e s  and t e c h n i c a l  requ i re ­
ments. The data base must cover s i t e  c h a r a c t e r i s t i c s ,  f a c i l i t y  design, ope ra t i ng  
p lans,  s i t e  c l o s u r e  p lans,  d e t a i l e d  waste d e s c r i p t i o n ,  and procedures f o r  q u a l i t y  
assurance, r a d i a t i o n  sa fe ty ,  and a d m i n i s t r a t i v e  c o n t r o l .  

The t e c h n i c a l  analyses t h a t  should be conducted a re  those needed t o  demonstrate 
compliance w i t h  t h e  performance o b j e c t i v e s .  

I n f o r m a t i o n  concerning arrangements f o r  i n s t i t u t i o n a l  c o n t r o l  should be r e q u i r e d  
f o r  two reasons: (1) t h e  importance o f  t h e  c o n t r o l  f o r  assurance o f  p r o t e c t i o n  
o f  t h e  p u b l i c  h e a l t h  and s a f e t y  and (2) t h e  d e s i r e  n o t  t o  expend Commission 
and a p p l i c a n t  t ime and resources on p r o j e c t s  t h a t  cannot be l icensed. The s t a t e  
o r  f ede ra l  agency t h a t  e i t h e r  owns the  l and  where t h e  d isposal  s i t e  w i l l  be 
l o c a t e d  o r  w i l l  be expected t o  accept t i t l e  t o  t h e  l a n d  be fo re  a l i c e n s e  i s  
issued w i l l  be expected t o  assume r e s p o n s i b i l i t y  f o r  i n s t i t u t i o n a l  c o n t r o l .  
Under t h e  proposed l i c e n s i n g  steps, t h e  s t a t e  o r  f ede ra l  government w i l l  a l s o  
be expected t o  accept t r a n s f e r  o f  t h e  l i c e n s e  f o l l o w i n g  t h e  postobservat ional  
and mon i to r i ng  p e r i o d  and c a r r y  o u t  t h e  i n s t i t u t i o n a l  c o n t r o l  under l i cense .  
By r e q u i r i n g  i n f o r m a t i o n  i n  t h e  a p p l i c a t i o n  t h a t  t h e  in tended landowner and 
i n s t i t u t i o n a l  c o n t r o l  agency a re  aware o f  and understand t h e i r  r e s p o n s i b i l i t i e s  
and are prepared t o  accept them, wasted e f f o r t s  and misunderstandings should 
be minimized. Two s p e c i f i c  p r o v i s i o n s  a r e  proposed: (1) submission o f  a 
c e r t i f i c a t i o n  t h a t  t h e  government agency i s  prepared t o  accept t r a n s f e r  o f  t h e  
l i c e n s e  and (2)  submission o f  evidence t h a t  t h e  l a n d  i s  government-owned o r  
t h a t  arrangements have been made f o r  assumption o f  ownership be fo re  the  Commission 
issues a l i cense .  More f l e x i b i l i t y  was prov ided on t h e  ownership issue because 
ownership must be i n  p lace  be fo re  t h e  l i c e n s e  i s  issued whereas t h e  l i c e n s e  
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transfer occurs decades later. Also, specifying a certification to address 

all circumstances and to adequately protect the government agency's interests 

would prove difficult. 


Provisions for financial information should require the applicant to demonstrate 
financial qualifications. Demonstrating financial qualifications is not new. 
Part 70 notes the option to require this information (§70.22(a)(8)). 

A miscellaneous section or other information section was needed to pick up
potentially applicable requirements for special nuclear materials (SNM) and 
provide the Commission the option t o  request additional information should 
the proposed activities warrant. Part 73 physical security measures can be 
referenced to a1ert the applicant to existing requirements. Any physical
security measures would be in addition to provisions for industrial type
security and measures to prevent unauthorized access to other materials that 
would be included in radiation safety and administrative procedures. Part 73 
has threshold quantities of SNM expressed in terms of quantities; enrichment 
and other factors subject to change so referencing was chosen over repetition.
Existing practice that such measures should apply only to materials at the 
facility before disposal was noted. Similar reasoning applies to criticality
accident and alarm requirements. Part 73 applicability can be easily provided by
amending the purpose and scope Section (473.1). These changes were needed to 
maintain the status quo for SNM licensees. Past practices at sites have not 
warranted physical secur-ityor criticality alarms, but the potential for 
future storage o f  quantities sf concern must be addressed. Requiring criticality
control information for materials in storage and emplacement in the disposal
unit reflects current practices and was retained. 

With respect to the number of copies of the application and environmental report,
referencing to eliminate repetition, and updating of application, existing
practices should be maintained except that the applicant should file only three 
copies. The three-copy limit is a provision of the Paperwork Reduction Act of 
I980 and even though the Act may not apply since fewer than 10 applicants are 
expected, compliance with the intent was chosen. 

8.2.2.3.2 Findings 

All actions taken by the Commission must be consistent with its responsibility 

to protect the public health and safety and assure that issuance of the license 

will not be inimical to the common defense and security of the public. In order 
t o  structure the considerations the Commission will follow in reaching a decision, 
specific findings should be listed in the Part 61 rule. Existing regulations 

(5530.33 of Part 30, 40.32 of Part 40, and 70.23 of Part 70) also include lists 

of findings. For example, 570.23 lists findings concerning use consistent with 

the Atomic Energy Act; technical and financial qualification; adequate equipment,

facilities and procedures; materials control; physical protection and security; 

emergency plans; and principal structures, systems, and components. The proposed

findings should be of the same level of detail but structured to focus the 
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f i n d i n g s  on t h e  i n d i v i d u a l  performance o b j e c t i v e s  and t r a c k  t h e  r e q u i r e d  content  
o f  an a p p l i c a t i o n .  The f i n d i n g s  should a l s o  acknowledge t h a t  t he  requirements 
o f  P a r t  5 1  must be met. 

8.2.2.3.3 Condi t ions o f  Licenses 

The c o n d i t i o n s  o f  l i censes  should r e f l e c t  e x i s t i n g  p r a c t i c e s  and p r o v i s i o n s  o f  
Pa r t s  30, 40, and 70. P r e s c r i b i n g  s p e c i f i c  l i c e n s e  cond i t i ons  i n  the  r e g u l a t i o n s  
assures con fo rm i t y  on mat ters  t h a t  a re  impor tant  and do n o t  vary  from l i censee  
t o  l icensee.  P rov id ing  t h e  a u t h o r i t y  t o  add s p e c i f i c  cond i t i ons  t o  i n d i v i d u a l  
l i censes  a l lows t h e  Commission t o  address t h e  s i t e - s p e c i f i c  cons iderat ions.  

One p r o v i s i o n  should p r o h i b i t  t r a n s f e r  o f  t h e  l i c e n s e  w i t h o u t  Commission approval. 
S i m i l a r  p r o v i s i o n s  a r e  contained i n  30.34(a) o f  P a r t  30; 40.41(b) o f  P a r t  40; 
and 70.32(a)(2) and 70.36 o f  P a r t  70. Another should p rov ide  the  Commission 
t h e  r i g h t  t o  r e q u i r e  necessary i n f o r m a t i o n  i n  w r i t i n g .  S i m i l a r  p r o v i s i o n s  a re  
conta ined i n  30.34(e)(4) o f  P a r t  30; 40.41(e)(4) o f  P a r t  40; and 70.32(b)(5) 
of P a r t  70. 

A t h i r d  should p rov ide  t h a t  t h e  o p e r a t o r ' s  l i c e n s e  cannot be terminated u n t i l  
t h e  s i t e  has been c losed  and s t a b i l i z e d  and s t a b i l i z a t i o n  confirmed. E x i s t i n g  
p r o v i s i o n s  i n  30.34(f) o f  P a r t  30; 40.41(f) o f  P a r t  40; and 70.32(h) o f  P a r t  70 
r e q u i r e  t h a t  l icensees n o t i f y  t h e  Commission when t h e  l i censee  decides t o  
d i scon t inue  a c t i v i t i e s  under t h e  l i cense .  The a c t i v i t i e s  t o  be au tho r i zed  
pursuant t o  a new p a r t  f o r  s i t e  operators  i n c l u d e  operat ion,  c losu re  and 
s t a b i l i z a t i o n  o f  t h e  s i t e ,  and pos tc losu re  observat ion and moni tor ing.  The 
o p e r a t o r ' s  r e s p o n s i b i l i t y  does n o t  cease when r e c e i p t  o f  waste stops. 

Other p r o v i s i o n s  should (1) sub jec t  t h e  l icensee t o  f u t u r e  r u l e s ,  r e g u l a t i o n s ,  
and orders and r e f l e c t  e x i s t i n g  language i n  30.34(a) and (d) o f  P a r t  30; 40.41(a), 
(d), and (e) o f  P a r t  40; and 70.32(a)(8) and (b) o f  P a r t  70; (2) p rov ide  t h a t  
l i censes  can be modi f ied,  revoked, o r  denied f o r  f a l s e  statements, compel l ing 
new i n f o r m a t i o n  o r  f a i l u r e  t o  comply w i t h  the  l i c e n s e  and Commission r u l e s ,  
r e g u l a t i o n s ,  o r  orders as prov ided i n  e x i s t i n g  r e g u l a t i o n s ,  e.g., 70.61(b) o f  
P a r t  70 and (3) r e q u i r e  t h a t  l icensees con f ine  a c t i v i t i e s  t o  those i n  t h e  l i c e n s e  
as i n  30.34(c) o f  Part 30 and 40.41(c) o f  P a r t  40. 

A u t h o r i t y  t o  p e r m i t  t h e  Commission t o  add s p e c i f i c  and d e t a i l e d  c o n d i t i o n s  t o  
the  l i c e n s e s  i n  accordance w i t h  e x i s t i n g  p r a c t i c e s  as r e f l e c t e d  i n  30.34(e) o f  
P a r t  30; 40.41(e) o f  P a r t  40; and 70.32(b) o f  P a r t  70 should a l s o  be provided. 

One a l t e r n a t i v e  p r o v i s i o n  considered was t o  p rov ide  f l e x i b i l i t y  t o  l icensees 
t o  make minor changes t o  t h e  f a c i l i t y  o r  ope ra t i ng  procedures w i t h o u t  p r i o r  
Commission approval. The bes t  approach here was t o  c rea te  a h ie ra rchy  o f  l i c e n s e  
cond i t i ons .  One category would be those which would r e q u i r e  p r i o r  Commission 
approval and o p p o r t u n i t y  f o r  hear ing.  A second category would be those r e q u i r i n g  
p r i o r  Commission approval b u t  no o p p o r t u n i t y  f o r  a hearing. A t h i r d  category 
would be those which cou ld  be changed w i t h  Commission n o t i f i c a t i o n  b u t  w i t h o u t  
p r i o r  approval. I n  accordance w i t h  t h e  p r o v i s i o n s  o f  P a r t  2, t h i s  would assure 
t h a t  those a f f e c t i n g  h e a l t h  and s a f e t y  would rece ive  p r i o r  Commission approval 
and those i n v o l v i n g  s i g n i f i c a n t  h e a l t h  and s a f e t y  considerat ions a l s o  t h e  
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o p p o r t u n i t y  f o r  a hear ing.  A t  t h e  same t i m e ,  f l e x i b i l i t y  would be prov ided t o  
t h e  l i censee  t o  make minor changes w i t h o u t  w a i t i n g  f o r  Commission approval. 

8.2.2.3.4 License Amendments and Renewals 

The p r o v i s i o n s  f o r  amendments should f o l l o w  e x i s t i n g  p r a c t i c e s  i n  ss30.38 and 
30.39 o f  P a r t  30; 40.44 and 40.45 o f  P a r t  40; and 70.34 and 70.35 o f  P a r t  70. 
E x i s t i n g  p r a c t i c e s  (e.g., 870.33) concerning renewals such as f i l i n g  30 days 
p r i o r  t o  e x p i r a t i o n ,  t i m e l y  extension, and s p e c i f i c a l l y  r e f e r e n c i n g  p r e v i o u s l y  
submit ted i n f o r m a t i o n  should be re ta ined .  S p e c i f i c a t i o n  t h a t  t h e  Commission 
w i l l  apply  the  d e c i s i o n  c r i t e r i a  and r e q u i r e d  f i n d i n g s  f o r  new a p p l i c a t i o n s  t o  
amendment and renewal a p p l i c a t i o n s  should be inc luded.  This  requirement i s  
based on n o t  compromising t h e  bas i s  f o r  assurances t h a t  t h e  performance objec­
t i v e s  w i l l  be met and i s  a compact way o f  s t a t i n g  t h a t  t he  o r i g i n a l  c r i t e r i a  
s t i l l  apply. 

8.2.2.3.5 Appl i c a t i o n  f o r  Closure 

The contents  o f  an a p p l i c a t i o n  f o r  c losu re  should p rov ide  t h e  f i n a l  d e t a i l s  o f  
s i t e  c l o s u r e  based on a l l  prev ious analyses and t h e  c o l l e c t i v e  experience d u r i n g  
the  opera t i ng  phases. A f i n a l  c losu re  p l a n  i s  requ i red  t o  p u l l  a l l  of t h e  i n f o r ­
mat ion together .  S p e c i f i c  references t o  p e r t i n e n t  s i t e  data, t e s t  data, and 
environmental i n f o r m a t i o n  should be p rov ided  as a reminder on t h e  t ype  o f  i n f o r ­
mat ion which may have been generated d u r i n g  opera t i on  t h a t  should be considered 
i n  developing t h e  f i n a l  p lan.  The Commission f i n d i n g s  f o r  i s s u i n g  an amendment 
t o  implement c losu re  a re  reasonable assurance t h a t  t h e  performance o b j e c t i v e s  
w i l l  be met .  

8.2.2.3.6 Transfer  o f  License 

The i n f o r m a t i o n  needed t o  determine whether t h e  l i c e n s e  may be t r a n s f e r r e d  t o  
t h e  governmental s i t e  owner i s  con f i rma to ry .  Evidence t h a t  t h e  s i t e  has been 
c losed as approved, t h a t  t he  pos tc losu re  observat ion and maintenance has conf i rmed 
t h a t  t h e  performance o b j e c t i v e s  should be met, and t h a t  t h e  arrangements f o r  
t r a n s f e r  a re  i n  o rde r  must be p rov ided  so t h a t  t h e  Commission can a f f i r m  the  
readiness f o r  t r a n s f e r .  and c o n d i t i o n  t h e  l i c e n s e  f o r  c u s t o d i a l  care. 

Arrangements f o r  t r a n s f e r  i n c l u d e  t h a t  necessary t r a n s f e r s  o f  funds and records 
has been accomplished. This  requirement i s  t o  p rov ide  t h e  c u s t o d i a l  agency 
w i t h  the  i n f o r m a t i o n  base needed f o r  f u t u r e  a c t i v i t i e s  such as i n t e r p r e t a t i o n  
o f  mon i to r i ng  r e s u l t s  o r  p lann ing  o f  remedial work should i t  be necessary. 
Obviously, any funds f o r  long-term care which have n o t  a l ready been tu rned  over 
t o  t h e  c u s t o d i a l  agency should be t r a n s f e r r e d  f o r  use. The mon i to r i ng  program 
should a l s o  be i n  p lace.  Fo r  example, t h e  custodiah should n o t  have t o  d i g  or 
case mon i to r i ng  w e l l s ,  and the  c u s t o d i a l  agency must be ready t o  assume t h e  
l i cense .  This  f i n d i n g  i s  needed t o  assure t h a t  t h e  t r a n s f e r  o f  r e s p o n s i b i l i t y  
t o  t h e  s i t e  owner i s  o r d e r l y .  A l l  t e c h n i c a l ,  i n s t i t u t i o n a l ,  and f i n a n c i a l  ques­
t i o n s  must be resolved i n  a manner acceptable t o  t h e  s i t e  owner so t h a t  t h e  
c u s t o d i a l  r o l e  may be assumed under t h e  l i cense .  
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8.2.2.3.7 Termination of License 


The information needed and Commission findings are again confirmatory. The 

type and duration of custodial care found necessary when licensing the site 

and the types of wastes to be emplaced must be confirmed. The licensee must 

also demonstrate that any additional requirements imposed during the custodial 

period because of new information or requirements have been met. 


In summary, as the proceeding discussion has shown, the steps leading to ter­
mination (1) acknowledge and address the unique nature of the activity being
licensed, (2) focus needed attention on careful planning for closure and 
transfer for custodial care, (3) provide confirmatory observation, (4) remove 
existing uncertainties in the process, and (5) make maximum use of experience
and operational history. The administrative and procedural aspects of the 
rule dealing with the licensing steps from tendering through termination do 
not impose new burdens or cause inpacts in themselves. They codify, specify,
and focus the process on the long-term performance objectives. 

8.2.2.4 Miscel1aneous Procedural Requirements 


Standard practices concerning tests, inspections, and violations should be 

adopted. 


8.2.2.4.1 Tests at Disposal Faci1 i ties 


Provisions to require the licensee to permit the Commission to perform needed 

tests is standard existing practice (e.g., existing requirements in 830.53 of 

Part 30; 840.63 of Part 40; and 870.56 of Part 70). 


8.2.2.4.2 Commission Inspection of Disposal Facilities 


Provisions for Commission inspection are also standard existing practice.

See, for example, 530.52 of Part 30. 


8.2.2.4.3 Violations 


Provisions for violations are standard existing practice. See, for example,

030.63 of Part 30. 


8.3 RECORDKEEPING, REPORTS, MANIFESTS 


8.3.1 Existing Requirements 


Waste management involves the licensee who generates the waste, transporters 
or licensed waste collectors who handle packaged wastes, licensees who treat 
or repackage wastes, and the licensed disposal facility operator. Each of 
these licensees must meet a number of existing requirements in Parts 20, 30, 
40,and 70 of the Commission regulations concerning transfer of licensed 
materials, recordkeeping, and reports. For example, 55  30.41 of Part 30; 
40.51 of Part 40;and 70.42 of Part 70 require that licensees verify that the 
intended recipient's license authorizes receipt of the type, form, and quality 



8- 14 


o f  l i c e n s e d  m a t e r i a l  t o  be t r a n s f e r r e d .  Fu r the r ,  Q 20.401 o f  P a r t  20 requ i res  
t h a t  l icensees keep records o f  d isposals  made under $6 20.302 (any method n o t  
otherwise s p e c i f i c a l l y  au tho r i zed  i n  t h e  Commission's r e g u l a t i o n s  which inc ludes 
d isposal  f a c i l i t y  operators) ,  20.303 ( re leases t o  s a n i t a r y  sewerage systems) 
and de le ted  20.304 ( b u r i a l  o f  small  q u a n t i t i e s  i n  s o i l )  u n t i l  t he  Commission 
au tho r i zes  t h e i r  d i s p o s i t i o n .  Loss o r  t h e f t  o f  m a t e r i a l s  must be repo r ted  under 
g 20.402 o f  P a r t  20. Sect ions 30.51 and 40.61 o f  Pa r t s  30 and 40 r e q u i r e  t h a t  
records o f  t r a n s f e r s  o f  b u r i e d  m a t e r i a l  be maintained f o r  5 years f o l l o w i n g  
t r a n s f e r s .  Transfers  and r e c e i p t s  o f  spec ia l  nuc lear  m a t e r i a l  o f  g rea te r  than 
one gram must be repo r ted  on p resc r ibed  forms f o r  safeguards account ing under 
Q 70.54. 

The c o l l e c t i v e  r e s u l t  o f  t h e  e x i s t i n g  requirements i n  t h e  Commission's r u l e s  
i s  t o  generate a v a r i e t y  o f  records f o r  r e t e n t i o n  by i n d i v i d u a l  l icensees.  
Minimum i n f o r m a t i o n  requirements are n o t  s p e c i f i e d .  The spec ia l  needs f o r  
d isposal  a c t i v i t i e s  i n c l u d i n g  handl ing,  emplacement, and da ta  base generat ion 
are n o t  addressed. No mani fest  o r  waste t r a c k i n g  system i s  c u r r e n t l y  provided. 

8.3.2 Need f o r  Man i fes t  

The need f o r  improved a c c o u n t a b i l i t y  f o r  wastes and a b e t t e r  da ta  base i s  
r e f l e c t e d  i n  a c t i v i t i e s  o f  t he  EPA and the General Accounting O f f i c e  (GAO). 
I n  rulemakings e s t a b l i s h i n g  40 CFR 262-265 (Ref .  2) ,  t h e  EPA i n i t i a t e d  a 
mani fest  t r a c k i n g  system f o r  hazardous wastes. The new hazardous mani fest  
system became e f f e c t i v e  November 19, 1980 and p resc r ibes  t h e  requirements f o r  
and r e s p o n s i b i l i t i e s  o f  waste generators,  waste t ranspor to rs ,  and s i t e  operators.  
Contents o f  mani fests ,  processing, and t r a c k i n g  shipments are s p e c i f i e d .  The 
GAO noted t h e  need f o r  improvements i n  these two areas f o r  r a d i o a c t i v e  wastes 
i n  i t s  r e p o r t  e n t i t l e d ,  "The Problem o f  Disposing o f  Nuclear Low-Level Waste: 
Where Do We Go From Here?" pub l i shed  March 31, 1980 (Ref 3). The GAO 
recommended t h a t  NRC "Determine who t h e  generators o f  l ow- leve l  waste are i n  
both t h e  Agreement and non-Agreement States and how much waste each l i censee  
i s  generat ing" and " E s t a b l i s h  a method t o  t r a c k  waste f r o m  t h e  p o i n t  o f  
generat ion t o  the  p o i n t  of disposal .  " 

The need f o r  a t r a c k i n g  system f o r  r a d i o a c t i v e  waste does n o t  stem f r o m  a 
s e r i e s  o f  known l o s t  o r  d i v e r t e d  shipments as was the  case f o r  hazardous 
wastes. However, t he  e x i s t i n g  system does n o t  prec lude l o s t  shipments. F o r  
example, wastes may be t r a n s f e r r e d  by a waste generator t o  a common c a r r i e r  
f o r  t r a n s p o r t  t o  a d isposal  f a c i l i t y .  Under e x i s t i n g  r u l e s ,  t h e  generator 
would on l y  be aware t h a t  t h e  shipment d i d  n o t  reach the  d isposal  f a c i l i t y  if 
he d i d  n o t  rece ive  a b i l l  from t h e  d isposal  f a c i l i t y  operator .  

The need t o  have more s p e c i f i c  i n f o r m a t i o n  on who generated the  wastes and 
waste con ten t  has been demonstrated i n  handl ing l e a k i n g  o r  apparent ly  l e a k i n g  
packages a t  t he  commerical b u r i a l  grounds. Waste shipments are c o l l e c t e d  by 
brokers who prepare sh ipp ing  papers f o r  wastes f r o m  m u l t i p l e  generators.  The 
packages and sh ipp ing  papers d i d  n o t  i n d i c a t e  who a c t u a l l y  f i l l e d  t h e  drums o r  
o the r  packages. I f  a d d i t i o n a l  i n f o r m a t i o n  on contents are needed t o  decide 
whether t o  open packages o r  evaluate the  s i g n i f i c a n c e  o f  l eak ing  m a t e r i a l ,  t he  
broker  cou ld  n o t  p rov ide  the i n fo rma t ion .  
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States  regulating the operation of the ex is t ing  disposal f a c i l i t i e s  have 
i n i t i a t e d  permitting systems t o  control who ships waste in to  the s t a t e  f o r  
di sposal . Nevada has a third-par ty  inspection program f o r  eval uati  ng the 
waste programs o f  shippers. The s t a t e s  a re  reacting t o  the need fo r  be t te r  
control of shipments and shippers and be t te r  data bases. 

8 .3 .3  Manifest 

8 .3 .3 .1  General Considerations 

To address these needs, the Commission considered a number of a l te rna t ives .  
In developing a l t e rna t ives ,  public input,  E P A  rulemaking, and s t a t e  experiences 
were considered. One a l t e rna t ive  was t o  defer t o  the individual s t a t e s  who 
host s i t e s  and l e t  exis t ing rules  and the permitting systems o f  the s t a t e  
address the issues and n o t  prepare any federal requirements. This a l t e rna t ive  
was rejected because the Commission recognized the need f o r  posi t ive cont ro ls ,  
support o f  the s t a t e s '  e f f o r t s  and more spec i f ic  guidance f o r  i t s  l icensees .  
A federal ly  prescribed manifest system would provide uniformity f o r  Commission 
l icensees and a ro le  f o r  Agreement States  t o  follow t o  minimize the e f f e c t  of 
d i f f e ren t  schemes developed by d i f f e ren t  s t a t e s .  

Having decided t o  propose a manifest system t o  improve accountabili ty f o r  
wastes and the data avai lable ,  the Commission considered implementing a l t e r ­
natives. The central  requirements f o r  a manifest system are  contents of 
manifests and how the manifests will  be used. The Cornmission considered 
.whether t o  p u t  the manifest requirements in the par ts  of  the regulation under 
which the waste i s  o r  will be generated ( i - e . ,  Parts 30, 40, 50, 60, 70, and 
72) 	o r  in Part  20 which applies t o  a l l  l icensees.  Part 20 was selected t o  
cen t ra l ize  the requirement, el iminate repe t i t ion  in t h e  individual p a r t s ,  and 
t o  avoid the problem of incorporation in to  new par t s  as they may be developed. 

8 .3 .3 .2  Contents and Format 

For contents and format of  a manifest, the Commission considered a l te rna t ives  
such as developing a spec i f ic  form, prescribing minimum content,  and how t o  
most e f fec t ive ly  use exis t ing requirements f o r  forms and papers. Since the 
Commission does n o t  have a data processing program in  place a t  t h i s  time t h a t  
would require a spec i f ic  form, minimum content was chosen. Shippers are  
already required t o  prepare shipping papers f o r  radioactive shipments under 
DOT rules  in 49 CFR 172.  The DOT rules  spec i f ica l ly  allow (§172.201(a)(4)) 
other information t o  be included i n  the shipping papers. The l e a s t  burden 0n 
l icensees i s  t o  allow the use of a s ingle  form t o  meet DOT an NRC requi rements. 
The minimum content ident i f ied  by the Commission tracks DOT requirements and 
mi nimi zes the incremental burden. The mi nimum contents proposed incl ude: (1) the 
name, address, and telephone number of the persons generating and transporting 
the wastes; (2 )  as complete a description of the waste as pract icable  including 
type, volume, mass, radionuclide ident i ty  and concentration, t o t a l  a c t i v i t y  
and chemical form; (3) so l id i f i ca t ion  agents used; (4) 10 C F R  Part 61  waste 
c l a s s i f i ca t ion  information; and (5)  a c e r t i f i c a t i o n  o f  compliance. 
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The con ten t  requirements are somewhat more comprehensive than DOT requirements 

and r e f l e c t  t h e  minimal i n f o r m a t i o n  needed f o r  proper hand l i ng  and emplacement 

o f  t h e  waste a t  t h e  d isposal  f a c i l i t y .  I d e n t i f y i n g  the  waste generator i s  new. 

The need t o  i d e n t i f y  t h e  generator sur faced d u r i n g  1979 when problem shipments 

were being i nves t i ga ted .  The generator can p rov ide  t h e  most complete informa­ 

t i o n  concerning t h e  shipment and answer quest ions concerning mat ters  n o t  covered 

i n  t h e  mani fest .  Under DOT r u l e s  t h e  sh ipper  i s  i d e n t i f i e d  f o r  shipments by 

water o n l y  (49 CFR 172.202(a)(l)). The person t r a n s p o r t i n g  the  waste would 

o r d i n a r i l y  p rov ide  the  sh ipp ing  papers and would be i d e n t i f i e d  i n  t h e  l e t te rhead .  

The EPA hazardous man i fes t  system r e q u i r e s  s p e c i f i c a t i o n  o f  t h e  generator,  t rans ­ 

p o r t o r  intended, d isposal  s i t e ,  and a l t e r n a t e  d isposal  s i t e .  The proposed 

man i fes t  requirements address generator and shipper i n  t h e  paperwork and 

in tended r e c e i v e r  through use o f  t h e  mani fest .  I d e n t i t y  o f  t h e  generator i s  

preserved when brokers c o l l e c t  t h e  waste by use o f  an i ndex ing  mani fest  w i t h  

generator mani fests  attached. By a t t a c h i n g  the  genera to r ' s  mani fest ,  t h e  

broke r  does n o t  have t o  copy t h e  data. 


The r e q u i r e d  d e s c r i p t i o n  o f  t h e  waste i n  t h e  proposed m a i n i f e s t  i s  very s i m i l a r  

t o  DOT requirements and prov ides f o r  t h e  p r a c t i c a b l e  concept. DOT requ i res  

s p e c i f i c a t i o n  o f  t h e  type o r  category,  amount, names o f  rad ionuc l i des ,  t o t a l  

a c t i v i t y ,  and chemical o r  phys i ca l  f o r m  i T  n o t  spec ia l  form. The proposed 

man i fes t  adds o n l y  t h e  requirement t o  s p e c i f y  t h e  concentrat ions of i n d i v i d u a l  

nuc l i des  as completely as p r a c t i c a b l e  and t h e  t o t a l  q u a n t i t y  o f  c r i t i c a l  

l o n g - l i v e d  nuc l i des  which must be t o t a l  s i t e  i nven to ry  c o n t r o l l e d  by the  operator  

under t h e  c l a s s i f i c a t i o n  system i n  P a r t  61. Knowledge o f  r a d i o n u c l i d e  mix i s  

a l s o  necessary under DOT r u l e s  t o  determine t h e  t ype  o f  l a b e l i n g  t o  use, so 

even t h i s  requirement i s  o n l y  m a r g i n a l l y  a new requirement. A s p e c i f i c  r e q u i r e ­ 

ment t o  i d e n t i f y  t h e  s o l i d i f i c a t i o n  agents used, i f  any, was added. Speci fy ing 

t h e  s o l i d i f i c a t i o n  agent i s  a subset o f  d e s c r i b i n g  chemical /physical  form t h a t  

w i l l  be r e a d i l y  known by t he  generator.  The c u r r e n t  DOT requirements a r e  n o t  

s p e c i f i c  i n  t h i s  regard so t h a t  t h e  agents a re  n o t  r o u t i n e l y  i d e n t i f i e d .  

Terms such as s o l i d  are used i n  DOT ru les .  This  data w i l l  be of value i n  i d e n t i f y i n g  

gener ic  problems w i t h  c e r t a i n  agents and i n  assessing how t o  handle l e a k i n g  o r  

damaged packages. 


Spec i f y ing  t h e  c l a s s  o f  wastes based on waste c l a s s i f i c a t o n  s p e c i f i c a t i o n s  i n  

P a r t  6 1  w i l l  be new b u t  n o t  a burden. The determinat ion must be made i n  o rde r  

t o  l e g a l l y  t r a n s f e r  t h e  l i c e n s e d  m a t e r i a l .  I n c l u d i n g  the  i n f o r m a t i o n  i n  the  

man i fes t  helps t h e  d isposal  f a c i l i t y  operator  p r o p e r l y  handle t h e  waste by 

f l a g g i n g  i t  i n  t h e  papers which a re  reviewed be fo re  o f f - l o a d i n g  begins. 


The requirement f o r  the waste generator t o  c e r t i f y  t h a t  t h e  wastes are p r o p e r l y  

c l a s s i f i e d ,  described, packaged, labeled,  ready f o r  t r a n s p o r t ,  and comply w i t h  

DOT and NRC r e g u l a t i o n s  i s  an e x i s t i n g  p r a c t i c e ,  DOT r u l e s  (49 CFR 172.204(a) 

and d isposal  s i t e  hos t  s t a t e s  a l ready  r e q u i r e  t h i s  type o f  c e r t i f i c a t i o n .  The 

s t a t e s  a l s o  have a d d i t i o n a l  c e r t i f i c a t i o n  and h o l d  harmless p r o v i s i o n s  which 

should n o t  be proposed i n  t h e  r e v i s i o n s  t o  P a r t  20 s ince they deal w i t h  

c l a r i f y i n g  s tate-sh ipper  l i a b i l i t i e s  and r e l a t i o n s h i p s .  The areas o f  c e r t i f i ­ 

c a t i o n  a r e  very s i m i l a r  t o  DOT. Only the  requirement t o  c l a s s i f y  according t o  

10 CFR P a r t  6 1  and abide by b o t h  DOT and NRC r e g u l a t i o n s  i s  d i f f e r e n t .  As 

noted above, p r e p a r a t i o n  and c l a s s i f i c a t i o n  o f  t h e  waste according t o  10 CFR 
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P a r t  6 1  w i l l  be necessary t o  comply w i t h  e x i s t i n g  l i m i t s  on t r a n s f e r s  and 
v e r i f y i n g  t h a t  t h e  in tended r e c e i v e r  i s  au tho r i zed  t o  rece ive  t h e  waste. The 
Commission now has t h e  r e g u l a t o r y  requirement t o  comply w i t h  DOT (10 CFR 71 .5  
and 44 FR 63083) r u l e s  and i t  inspec ts  and enforces compliance w i t h  DOT 
requirements. C e r t i f i c a t i o n  i s  t o  remind l i censees  o f  t h e  requirements and 
p rov ide  a d d i t i o n a l  assurance o f  compliance. 

8.3.3.3 Use 

How t h e  man i fes t  i s  used determines i t s  value i n  t r a c k i n g  t h e  waste and 
genera t ing  a da ta  base. Many op t i ons  a re  p o s s i b l e  i n  p r e s c r i b i n g  t h e  number 
o f  copies, where they  are  sent, e t c .  I n  fo rmu la t i ng  t h e  requirements f o r  use, 
t h e  complex i ty  o f  t h e  generator,  b roker ,  processor,  and d isposa l  f a c i l i t y  
opera tor  system d i c t a t e d  t h a t  t h e  use be s p e c i f i e d  by t ype  o f  l icensee. A 
s i n g l e  requirement would be unwieldy and confusing. The EPA hazardous r u l e s  
a re  s t r u c t u r e d  t o  p rov ide  standards, i n c l u d i n g  man i fes t  use, f o r  t h e  generator 
(40 CFR 262), t r a n s p o r t o r  (40 CFR 263), and f a c i l i t y  opera tor  (40 CFW 264 and 
265). 

8.3.3.3.1 Generator 

The Commission has approximately 9,000 l i censees  b u t  p robab ly  on l y  about 1/4 
o f  these l i censees  sh ip  waste f o r  d isposa l .  Exact numbers are  n o t  a v a i l a b l e  
s ince  l i censees  are  n o t  r e q u i r e d  t o  submit r e p o r t s  on waste genera t ion  and 
t r a n s f e r .  Impos i t i on  o f  a r e p o r t i n g  requirement on waste generators was 
considered b u t  n o t  imposed a t  t h i s  t ime. EPA hazardous r u l e s  r e q u i r e  annual 
r e p o r t s  and p rov ide  a form f o r  f i l i n g  such r e p o r t s .  NRC i s  n o t  prepared t o  
process such r e p o r t s ,  has t h e  advantage o f  knowing t h e  i d e n t i t y  o f  i t s  
l i censees ,  and f e l t  t h a t  t h e  man i fes t  da ta  cou ld  be processed t o  p rov ide  
equ iva len t  i n fo rma t ion .  By t h e  same token, a requirement t o  send a copy o f  
t h e  i n d i v i d u a l  man i fes ts  t o  t h e  Commission, a con t rac to r ,  o r  another fede ra l  
agency a t  t h e  t ime  o f  shipment was considered and dismissed f o r  now. 
a copy t o  t h e  Commission would take  o n l y  a few minutes t o  t e a r  o f f  a carbon o r  
Xerox a copy. Trans fers  o f  SNM are  a l ready  repo r tab le  as mentioned e a r l i e r .  
However, s ince  a computer system t o  t r a c k  shipments and t o  process t h e  da ta  i s  
n o t  i n  p lace  t h e  requirement was n o t  included. 

The man i fes t  t r a c k i n g  system must c l e a r l y  d e f i n e  r e s p o n s i b i l i t i e s  and be 
inspec tab le  by t h e  Commission. The system se lec ted  prov ides  t h a t  t h e  generator 
prepare t h e  man i fes t ,  fo rward  a copy t o  t h e  in tended r e c i p i e n t ,  i nc lude  a copy 
w i t h  t h e  shipment, r e t a i n  a copy as l ong  as needed t o  t r a c k  shipments, and 
i n v e s t i g a t e  l a t e  o r  miss ing  shipments o r  p a r t s  o f  shipments. The generator i s  
t h e  o n l y  cho ice  t o  complete t h e  manifest .  Forwarding a copy t o  t h e  in tended 
r e c i p i e n t  i s  a new requirement t o  p rov ide  t h e  bas i s  f o r  a crosscheck on sh ip­
ments. The p r imary  r e s p o n s i b i l i t y  f o r  assur ing  t h a t  t h e  wastes reach i t s  
in tended d e s t i n a t i o n  i s  t h e  genera tor ' s .  I f  t h e  generator i s  t r a n s f e r r i n g  
d i r e c t l y  t o  t h e  f a c i l i t y  opera tor ,  t h e  generator would fo rward  a copy o f  t h e  
man i fes t  t o  t h e  opera tor .  I f  t h e  generator t r a n s f e r s  t o  a b roker  who c o l l e c t s ,  
s to res ,  and d e l i v e r s  t h e  waste, t h e  broker  would acknowledge r e c e i p t  o f  
t r a n s f e r r e d  wastes and assume r e s p o n s i b i l i t y  f o r  t r a c k i n g  t h e  waste t o  t h e  
d isposa l  f a c i l i t y .  Since t h e  storage t ime  p e r m i t t e d  i n  b roker  l i censes  i s  



8- 18 


t y p i c a l l y  up t o  6 months, t i m e l y  acknowledgement o f  r e c e i p t  o f  wastes by t h e  
d isposal  f a c i l i t y  operator  t o  t h e  generator i s  n o t  p r a c t i c a l  when a broker  i s  
invo lved.  Thus the d e c i s i o n  was made t o  t r a n s f e r  t h e  r e s p o n s i b i l i t y .  The 
generator forward ing a copy o f  t he  mani fest  o r  s i m i l a r  document w i t h  t h e  shipment 
i s  r e q u i r e d  t o  meet DOT shippi t rg paper requirements so no a l t e r n a t i v e s  were 
considered. No a l t e r n a t i v e  t o  keeping a copy o f  t h e  mani fest  u n t i l  t he  wastes 
reach the  d isposal  f a c i l i t y  o r  a re  acknowledged by t h e  b roke r  were considered 
because communications o r  i n v e s t i g a t i o n s  concerning t h e  waste would be hampered 
w i t h o u t  t he  documents. 

I n v e s t i g a t i n g  l a t e  o r  miss ing shipments o r  p a r t s  o f  shipments i s  p a r t  o f  t he  
r e s p o n s i b i l i t y  f o r  t r a c k i n g  t h e  waste. The a l t e r n a t i v e  o f  NRC i n v e s t i g a t i n g  
t h e  shipments was considered b u t  dismissed because o f  t h e  l a r g e  number of 
l i censees and l i m i t e d  Commission i n s p e c t i o n  resources and because the  generator 
o r  b roke r  would be more knowledgeable about the  i n d i v i d u a l  shipments and any 
c o n t r a c t o r s  invo lved.  The numbers o f  i n v e s t i g a t i o n s  should be small  b u t  no 
s p e c i f i c  data a re  ava i l ab le .  Prepar ing and f i l i n g  r e p o r t s  on i n v e s t i g a t i o n s  
w i l l  generate a data base t o  determine how much o f  a problem i s  invo lved.  The 
l i censee  would need t o  document h i s  i n v e s t i g a t i o n  t o  show compliance w i t h  the  
r e g u l a t o r y  requirement t o  i n v e s t i g a t e .  A r e p o r t  i s  a reasonable means t o  
document t h e  e f f o r t s .  F i l i n g  t h e  r e p o r t  w i t h  the Commission w i l l  a l l o w  
Commission rev iew o f  t h e  r e s u l t s  t o  see i f  Commission fo l l owup  a c t i o n  i s  
requi red,  and a measure o f  t he  number o f  such inc iden ts .  Thus t h e  a l t e r n a t i v e  
of j u s t  ma in ta in ing  t h e  r e p o r t s  f o r  i n s p e c t i o n  was n o t  adopted. Other 
p r o v i s i o n s  i n  t h e  Commission's r u l e s  r e q u i r e  r e p o r t s  f o r  s i m i l a r  i n v e s t i g a t i o n s  
(e.g. ,  10 CFR 20.402 and 10 CFR 73.71). 

8.3.3.3.2 Broker 

The waste c o l l e c t o r  o r  broker  i s  t h e  l icensee who c o l l e c t s  packaged wastes f rom 
generators,  consol idates wastes from many small  generators f o r  more economical 
shipment, and may p rov ide  o the r  se rv i ces  t o  t h e  generator.  Brokers number i n  
the  tens o f  l icensees.  The b r o k e r ' s  r o l e  has been discussed e a r l i e r  i n  two 
respects:  (1) t h e  need t o  assume r e s p o n s i b i l i t y  f o r  t r a c k i n g  and conduct ing 
any i n v e s t i g a t i o n s  a f t e r  t a k i n g  possession and (2) t he  need f o r  a mechanism t o  
preserve i n f o r m a t i o n  on 'the waste generator and how t o  minimize t h i s  burden. 
The broker  i s  a l s o  impor tant  t o  p rese rv ing  t h e  a c c e p t a b i l i t y  o f  t h e  waste f o r  
d isposal .  The generator must c e r t i f y  proper f o r m ,  packaging, and c l a s s i f i c a t i o n  
a t  t h e  p o i n t  o f  t r a n s f e r  b u t  cannot c e r t i f y  t he  ac t i ons  o f  o thers.  A c e r t i f i ­
c a t i o n  by t h e  broker  t h a t  no th ing  has been done (such as opening conta iners and 
addi ng wastes) which woul d inval  idate t h e  generator '  s c e r t i  f ic a t i o n  would 
h i g h l i g h t  t h e  b r o k e r ' s  r e s p o n s i b i l i t y  and p rov ide  a d d i t i o n a l  assurances. The 
Commission decided t h a t  c e r t i f i c a t i o n  by the  broker  was p r e f e r a b l e  t o  no 
c e r t i  f ica t ion .  

8.3.3.3.3 Processor 

A l i c e n s e d  waste processor t r e a t s  o r  repackages wastes. A f t e r  r e c e i p t  o f  the 
wastes, t h e  processor becomes the new generator.  The o r i g i n a l  generator 
cannot c o n t r o l  what t reatment  o r  changes w i l l  occur. Therefore,  t he  o r i g i n a l  
genera to r ' s  r e s p o n s i b i l i t y  should end when acknowledgement o f  the r e c e i p t  o f  



8- 19 


wastes i s  received under the proposed system. The information provided by the 
or iginal  generator i s  a key par t  of the basis  f o r  determining whether the waste 
c l a s s i f i c a t i o n  and c h a r a c t e r i s t i c s  requirements i n  10 CFR Part  6 1  a re  met and 
other  provisions t h a t  must be c e r t i f i e d .  The processor would probably re ta in  
the manifests as  records of receipts  s o  a requirement t h a t  they be maintained 
unt i l  disposal i s  accomplished o r  invest igat ions of l a t e  o r  mining shipments 
a r e  investigated i s  not a burden and emphasizes t h e i r  importance. 

8 . 3 . 3 . 3 . 4  Disposal Fac i l i ty  Operator 

T h e  disposal f a c i l i t y  operators (current ly  2 companies f o r  3 disposal f a c i l i t i e s )  
a r e  the focal point of the manifest system and data col lect ion.  Since the 
f a c i l i t y  i s  the  ult imate dest inat ion of waste shipments, the f a c i l i t y  operator 
must notify shippers t h a t  wastes were received so t h a t  generators o r  brokers 
wil l  know whether t o  begin invest igat ions t o  t race  shipments. Several a l t e r ­
natives f o r  imposing t h i s  requirement were considered. A very spec i f ic  require­
ment specifying returning a copy o f  the  manifest o r  some new form t o  the shipper 
was considered b u t  not adopted. A general requirement t o  acknowledge the receipt  
was considered the  l e a s t  burdensome. Under the general requirement, methods 
such as telephone acknowledgement, b i l l i n g ,  o r  an annotated copy of the manifest 
can meet the requirement. This f l e x i b i l i t y  wil l  permit the operator t o  use 
the method best  su i ted  f o r  the opera tor ’s  administrative setup and f l e x i b i l i t y  
from shipment t o  shipment in case of delays i n  disposal from the weather, e t c .  

A new requirement t o  document the conditions of received shipments and what i s  
done t o  and w i t h  the  wastes a t  the disposal f a c i l i t y  would provide a record, 
focus a t ten t ion  on these a c t i v i t i e s ,  and consolidate data i n  one place. Require­
ments and pract ices  already e x i s t  t o  perform survey evaluations and repackaging 
of shipments based on the need t o  assure safe ty  during handling and emplacement 
of wastes. Fac i l i ty  operators routinely record the trench or  trench location 
and date of disposal.  They a r e  a l so  ident i fying problem shippers under the 
s t a t e  permitt ing systems. T h u s ,  the  requirements t o  document a l l  of t h i s  infor­
mation on the  manifest i s  n o t  a burden. Certifying t h a t  handling and disposal 
of the wastes was conducted i n  accordance w i t h  the l icense and applicable 
Commission regulations provides f u r t h e r  assurances t h a t  conscious a t ten t ion  was 
paid t o  the conditions and regulations.  

Maintaining copies o f  the  shipping papers i s  already practiced a t  the s i t e s .  
A requirement t o  maintain the manifest t h a t  i s  used as s h i p p i n g  paper only 
codi f ies  e x i s i t i n g  pract ices .  The copies can be carbon, mechanically repro­
duced, o r  microfilm. The Commission considered having copies forwarded t o  the 
Commission, a contractor ,  o r  other agency, b u t  d i d  n o t  require forwarding a t  
t h i s  time. No data processing system i s  in place t o  handle the data.  Main­
ta in ing  records a t  the s i t e s  assures t h a t  the data e x i s t s .  The Commission, 
other s t a t e  or federal  agencies, o r  the f a c i l i t y  operators can access the data 
and conduct surveys o r  s tud ies  as needed. The current concern i s  t h a t  i t  e x i s t s .  
One s i t e  operator already has a computer data processing system i n  place t o  
record information about the shipments. Imposing data processing on the s i t e  
operator was considered b u t  n o t  adopted f o r  two reasons: (1) t o  allow f l e x i b i l i t y  
and (2)  the  federal agencies have been exploring a common data base and the 
f e a s i b i l i t y  o f  one national data processing capabi l i ty .  
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Main ta in ing  manifests i s  n o t  a s i g n i f i c a n t  space burden. An es t imate  o f  t h e  
phys i ca l  s i z e  of t h e  records can be made from rev iewing  da ta  p rov ided f o r  1979 
f o r  t h e  Barnwel l  s i t e  under c o n t r a c t  t o  NRC. Copies o f  a l l  sh ipp ing  records 
were prov ided i n  38 volumes. Each record  i s  8-1/2" x 14". The 38 volumes are  
c o l l e c t i v e l y  about 63" t h i c k .  The t o t a l  volume o f  t h e  records i s  t he re fo re  
7,500 cub ic  inches which i s  equ iva len t  t o  4.3 cub ic  f e e t .  The records a re  f rom 
t h e  d isposal  o f  2.2 x l o 6  cub ic  f e e t  o f  wastes. N a t i o n a l l y ,  2.9 x 1Q6 cubic  

9~ 	 f e e t  o f  waste were disposed of so t h a t  nat ionwide t h e  sh ipp ing  records f o r  1979 
would be about 5.7 cub ic  f e e t .  No s i n g l e  f a c i l i t y  w i l l  p robably  r o u t i n e l y  handle 
volumes l a r g e r  than Barnwe l l ' s  1979 volumes. Most w i l l  handle h a l f  o r  less .  

8.3.3.3.5 Crosschecking 

Under t h e  proposed system t h e  pr ime r e s p o n s i b i l i t y  f o r  t r a c k i n g  shipments i s  
t h e  sh ippe r ' s .  However, s ince no NRC o r  federa l  computer system i s  i n  p lace  
t o  crosscheck whether shipments reach t h e i r  d e s t i n a t i o n ,  o the r  means o f  cross­
checking was considered. I n d i v i d u a l  s ta tes  do n o t  have computer t r a c k i n g  systems 
i n  p lace  a l though such systems f o r  t r a c k i n g  hazardous waste are  be ing  developed. 
As these systems a re  developed, j o i n t  use cou ld  be explored f o r  crosschecking 
and enforcement. A na t i ona l  man i fes t  i s  a l so  be ing  developed f o r  hazardous 
waste t h a t  would s tandard ize da ta  f o r  computer i n p u t .  A major d i f f e r e n c e  between 
t r a c k i n g  hazardous and r a d i o a c t i v e  wastes i s  t h a t  hazardous wastes t y p i c a l l y  
do n o t  cross s t a t e  l i n e s  ( o r  cross fewer l i n e s )  than r a d i o a c t i v e  wastes t y p i c a l l y  
do. A vo lun ta ry  cooperat ive program w i t h  t h e  s ta tes  t o  t r a c k  shipment migh t  
work b u t  it would be d i f f i c u l t  t o  coord ina te  and implement. I f  and when reg iona l  
compacts a re  i n  p lace  as prov ided by t h e  December 1980 "Low-Level Radioact ive 
Waste P o l i c y  Act," such t r a c k i n g  may be inc luded o r  equ iva len t  account ing prov ided 
under t h e  terms o f  t h e  compact arrangement. The bes t  i n t e r i m  measure would 
appear t o  be f o r  t h e  f a c i l i t y  opera tors  t o  p rov ide  a crosscheck. To accomplish 
t h e  crosscheck, sh ippers would have t o  n o t i f y  t h e  f a c i l i t y  opera tor  t h a t  shipments 
a re  on t h e  way. The s imp les t  way t o  p rov ide  complete da ta  t o  f a c i l i t y  operators  
on shipments i s  t o  forward a copy o f  t he  man i fes t  as t h e  shipment i s  i n i t i a t e d .  
M a i l i n g  copies would o n l y  take  t h e  t ime t o  address an envelope. The f a c i l i t y  
opera tor  would then  p e r i o d i c a l l y  check t o  see t h a t  shipments f o r  which advance 
mani fests  were rece ived were a c t u a l l y  received.  Any descrepancies should be 
repor ted.  N o t i f y i n g  t h e  sh ipper  would p rov ide  f o r  r e s o l u t i o n  o r  an i n v e s t i g a t i o n  
i f  necessary. N o t i f y i n g  t h e  Commission would p rov ide  a check t o  see t h a t  r e p o r t s  
have been f i l e d  and a l l o w  fo l lowup i f  needed. Because t h e  number o f  r a d i o a c t i v e  
d isposa l  f a c i l i t i e s  i s  small  ( c u r r e n t l y  t h r e e  a re  r e c e i v i n g  wastes), t h e  number 
o f  no show shipments due t o  shipment t o  a l t e r n a t i v e  f a c i l i t i e s  should be small  
and would be a easy mat te r  t o  resolve.  Arrangements a re  u s u a l l y  made w i t h  
f a c i l i t y  opera tors  be fore  shipments a re  made t o  t h e  e x i s t i n g  s i t e s .  For t h e  
Barnwel l  s i t e ,  t h e  volume a l l o c a t i o n  system a l ready r e s u l t s  i n  t h e  opera tor  
checking on l a t e  o r  miss ing  shipments. C l e r i c a l  o r  a d m i n i s t r a t i v e  t i m e  w i l l  
be requ i red  t o  check f o r  matching paperwork and t o  n o t i f y  sh ippers and NRC. 

8.3.3.3.6 Timing 

Time l i m i t s  on c e r t a i n  aspects o f  t h e  man i fes t  system can assure t ime l i ness  
and remove u n c e r t a i n t i e s  f o r  t h e  p a r t i e s  concerned. The most c r i t i c a l  t i m i n g  

'L 
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is that relating to beginning investigations of late or missing shipments.
The times involved are the transit time, the acknowledgment of the receipt of 
the waste, and beginning the investigation. The latter two are subject to 
Commission control. For acknowledging receipt, a range of one day to two 
weeks was considered. One week was selected to be both timely and to allow 
the disposal facility operator to have a regular schedule and possibly combine 
billing and notification. Since cross-country shipments may be involved and 
weather can be a factor, shipment to the disposal facility can take a week. 
Similiar consideration could apply to receipt by waste collectors and processors.
Allowing 3-4 days for the acknowledgment to reach the shipper in the mail adds 
up to 17-18days from the time of shipment to the receipt of acknowledgement.
Thus, a time limit of 20 days appears both reasonable and timely for the 
initiation of an investigation. Longer times were considered but the longer
the delay, the more chance for loss of control or not correcting a mishap. 

Since the disposal facility operator check and audit of advanced versus received 

bmanifests is a backup system, the timing should not be as critical. Allowing


about a month for the shipper to investigate and late shipments to arrive i s  h 


arbitrary but reasonable. Therefore a 60-day limit was set for reporting. No 

specific time limit was set for investigating shipments because of the variety

of situations which could occur. A few hours or days should be typical. Once 

the investigation is complete a timely report will enable timely Commission 

review of the report and Commission action if required. The licensee does need 

time to prepare the report and process it administratively. An upper limit of 

2 weeks was selected. 


8.3.4 Transfers 


Changes t o  10 CFR Part 20 should also include additional provisions governing

transfers. The requirements should be placed in Part 20 for the same reasons 

the manifest system was. Two new requirements should be proposed for licensees 

generating wastes or treating and repackaging wastes. One should require that 

licensees prepare wastes so that the waste is classified according to Part 61 

requirements and meets the waste characteristics requirements. No alternatives 

were considered other than where to put the requirement on waste preparation

in the rules. Placing the requirement directly on the generating licensee 

provides a more direct and enforceable method of assuring waste form and content 

than relying on existing requirements for transfers. The second requirement

is a requirement for a quality assurance program to assure that waste form and 

content comply with classification and characterization requirements. Good 

practice already dictates that licenses have quality assurance programs for 

activities under license. To illustrate, in Inspection and Enforcement Bulletfn 

No. 79-19,issued August 10,1979 (Ref. 4), concerning packaging of low-level 

radioactive waste for transport and burial, the importance of assuring compliance

with regulations and disposal facility licenses and requirements was emphasized.

Controls, audits, and training were noted as necessary to assure safe transfer, 

packaging, and transport. Complying with the new waste requirements in Part 61 

is the generator's responsibility and the new provision would only codify it. 
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8.3.5 Part  61 Recordkeeping and Reporting Requirements 

The recordkeeping and reporting requirements t o  be included i n  1 0  CFR Part  61 
apply t o  operators of land disposal f a c i l i t i e s  only. As indicated e a r l i e r ,  
such operators subject  t o  Commission authori ty  a r e  expected t o  number l e s s  
than ten.  

8 .3 .5 .1  Recordkeeping 

To adequately define recordkeeping requirements, the types of records t o  be 

maintained, the methods and periods of maintenance, and t r a n s f e r s  of  records 

should be addressed. The requirements t o  be included i n  Part  61 should generally 

r e f l e c t  standard pract ices  f o r  Commission l icensees except t h a t  summary records 

a r e  t o  be t ransfer red  t o  local and s t a t e  o f f i c i a l s .  Transferring summary records 

t o  the l o c a l ,  county, and s t a t e  o f f i c i a l s  a t  l icense termination increases the 

i n s t i t u t i o n a l  knowledge and enables b e t t e r  planning by these g roups  should 

questions or  problems a r i s e  concerning the  s i t e  a f t e r  ac t ive  i n s t i t u t i o n a l  

control ceases. Other recordkeeping matters f o r  disposal f a c i l i t y  operators 

were discussed under manifests. Case-by-case consideration of additional 

recordkeeping requirements can be made through l icense conditions. 


8.3.5.2 Reports 


The same case-by-case f l e x i b i l i t y  should be provided i n  the  reporting require­ 

ments. The proposed reporting requirements should generally r e f l e c t  current 

prac t ice  f o r  o t h e r  Commission l icensees  except f o r  the submittal o f  annual 

f inancial  reports .  Monitoring the  f inancial  r e l i a b i l i t y  o f  the  l icensee gives 

added assurances t o  f inancial  surety arrangements. The burden of t h i s  new 

requirement was minimized by asking for  copies of f inancial  reports  prepared 

i n  the ordinary course of business, i f  any. No separate reports  would have t o  

be prepared. 


Certain reporting requirements a re  necessary because disposal f a c i l i t y  l icenses  

will  be issued under Part  61, n o t  Par ts  30, 40, and 70 as i n  the  past .  For example, 

safeguards reporting requirements a r e  contained i n  5530.55, 40.64, 70.53, and 

70.54 of these par t s .  When the  quant i t ies  o f  materials would be subject t o  

the  requirements i f  licensed under Par ts  30, 40, and 70, no good reason e x i s t s  

t o  exempt materials i n  s torage a t  the f a c i l i t y .  Existing prac t ice  n o t  t o  require 

inventory reports  f o r  materials a f t e r  disposal should be codified f o r  c l a r i t y .  

Rather than repeat the  applicable sect ion,  they should be referenced. 

Referencing conserves space and eliminates the need t o  change Part 61  should 

the  requirements change. The referencing approach was taken f o r  reporting loss  

or  t h e f t  of special  nuclear material and c r i t i c a l i t y  and control 1 i n g  t r a n s f e r s  

o f  materials by f a c i l i t y  operators.  (Most licensed material received and 

possessed a t  the f a c i l i t y  wil l  be disposed o f  a t  the f a c i l i t y  b u t  occasional 

shipments t o  other disposal f a c i l i t i e s  o r  l icensees may occur.)  


An annual report  concerning ef f luent  re leases ,  environmental monitoring, main­

tenance, disposed waste, and var ia t ions  i n  s i t e  c h a r a c t e r i s t i c s  should a l so  be 

included. Existing requirements f o r  reporting e f f luent  re leases  i n  540.65 of 

Part  40 and 70.59 o f  Par t  70 are  s imilar  f o r  uranium mill t a i l i n g s ,  processing 
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and f u e l  f a b r i c a t i o n ,  scrap recovery and uranium convers ion l icensees.  No 
r e p o r t i n g  requirements f o r  l and  d isposal  l icensees cou ld  have been proposed o r  
t h e  r e p o r t i n g  cou ld  have been l i m i t e d  t o  e f f l u e n t  re leases b u t  o the r  areas of 
concern are  o f  equal o r  g rea te r  concern i n  waste d isposa l .  L i t t l e  o r  no 
e f f l u e n t s  a re  expected from land  d isposal  f a c i l i t i e s  b u t  t h i s  expec ta t ion  
should be confirmed. E x i s t i n g  f a c i l i t i e s  i n  New York and Kentucky exper ience 
re leases from t rench  water t reatment  b u t  such re leases are  t h e  except ion,  n o t  
t h e  r u l e .  Maintenance a c t i v i t i e s  he lp  measure s i t e  performance and i d e n t i f y  

roblems t o  consider  i n  s i t e - c l o s u r e  p lanning.  Trends i n  environmental 
mon i to r ing  can be e a r l y  i n d i c a t o r s  o f  problems even i f  a c t i o n  l e v e l s  p resc r ibed  
i n  t h e  l i c e n s e  a re  n o t  exceeded. Summary repo r t s  o f  disposed waste are  a l ready  
prov ided t o  s t a t e  o f f i c i a l s  so t h a t  r e p o r t i n g  t h i s  i n fo rma t ion  r e f l e c t s  c u r r e n t  

r a c t i c e .  Descr ib ing  any instances i n  which observed s i t e  c h a r a c t e r i s t i c s  a re  
d i S f e r e n t  f rom those descr ibed i n  da ta  forming t h e  base f o r  i s s u i n g  a l i c e n s e  
i s  impor tan t  f o r  determin ing whether t h e  i n i t i a l  f i n d i n g s  a re  s t i l l  v a l i d .  
New i n fo rma t ion  about t h e  s i t e  w i l l  be a v a i l a b l e  each t ime a t rench  i s  
e x c a v ~ t ~ dwhich w i l l  con f i rm  i n i t i a l  f i n d i n g s  o r  d i f f e r .  Since t h e  r e p o r t s  
are  more comprehensive, annual r e p o r t s  a re  proposed ins tead  o f  r e p o r t s  every 
6 months t o  minimize t h e  burden. 

8.4. STATE, TRIBAL, AND PUBLIC PARTICIPATION 

The purpose o f  t h i s  sec t i on  i s  t o  rev iew e x i s t i n g  p r o v i s i o n s  f o r  s t a t e ,  t r i b a l ,  
and p u b l i c  p a r t i c i p a t i o n  i n  t h e  l i c e n s i n g  process, d iscuss a l t e r n a t i v e s  considered, 
and rev iew proposed changes t o  t h e  e x i s t i n g  p rov i s ions .  

-4.1 E x i s t i n g  Prov is ions  

Sta te ,  t r i b a l ,  and p u b l i c  p a r t i c i p a t i o n  was genera l l y  discussed i n  t h e  preceeding 
general ana lys i s  o f  t h e  l i c e n s i n g  process. Steps i n  bo th  t h e  l i c e n s i n g  process 
and t h e  process f o r  environmental impact assessment and rev iew under t h e  Nat iona l  
Environmental P o l i c y  Ac t  (NEPA) con ta in  requirements o f  bo th  t h e  a p p l i c a n t  and 
t h e  Commission t o  ensure p u b l i c  and s t a t e  p a r t i c i p a t i o n .  

e 4.1.1 Docket ing 

10 CFR P a r t  2 requ i res  t h a t  t h e  a p p l i c a n t  p rov ide  a copy o f  t h e  a p p l i c a t i o n  
and environmental r e p o r t  t o  t h e  appropr ia te  munic ipa l  o r  county o f f i c i a l s  o f  
t h e  proposed s i t e  and n o t i f y  o f f i c i a l s  o f  a l t e r n a t i v e  s i t e s  i d e n t i f i e d .  
Copies o f  t h e  a p p l i c a t i o n  and r e p o r t  a re  t o  be prov ided by t h e  a p p l i c a n t  t o  
t h e  a l t e r n a t e  s i t e  o f f i c i a l s  w o n  r e w e s t .  The Commission i s  r e w i r e d  t o  
n o t i c e  docket ing i n  t h e  Federal Regis' ter and n o t i f y  t h e  Governor 'or  o ther  
~ ~ p ~ ~ p r ~ a t es t a t e  o f f i c a l s  of docket ing.  

.4 .1 .2 Hearings 

Hearings a re  n o t  requ i red  by e x i s t i n g  r u l e s .  The r u l e s  do prov ide  t h a t  t h e  
a p p l i c a n t  o r  i n t e r e s t e d  p a r t i e s  can f i l e  a w r i t t e n  p e t i t i o n  f o r  a hear ing  and 
f o r  leave t o  in te rvene.  A f fec ted  s ta tes ,  t r i b e s ,  and members of  t h e  p u b l i c  
cou ld  q u a l i f y  as i n t e r e s t e d  p a r t i e s .  The Commission e i t h e r  accepts o r  r e j e c t s  
t h e  reques t  f o r  hear ings.  If hear ings w i l l  be he ld,  t h e  Cornmission must n o t i f y  
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t he  Governor o f  t he  hos t  s t a t e  o r  o the r  app rop r ia te  o f f i c i a l  and the  o f f i c i a l s  
of t he  m u n i c i p a l i t y  as appropr ia te.  The hear ing process a l s o  prov ides f o r  
l i m i t e d  appearances by persons who a re  n o t  t he  a p p l i c a n t  o r  i n te rvenor .  L i m i t e d  
appearances i n v o l v e  p r e s e n t a t i o n  o f  o r a l  o r  w r i t t e n  statements on t h e  issues 
a t  any session o f  t he  hear ing o r  any prehear ing conference. The r e g u l a t i o n s  
a l s o  p rov ide  t h a t  s t a t e ,  county, o r  munic ipa l  agencies may p a r t i c i p a t e ,  i n t roduce  
evidence, i n t e r r o g a t e  witnesses, and advise the  Commission w i t h o u t  t a k i n g  a 
p o s i t i o n  on t h e  issues. Findings, except ions,  and b r i e f s  may a l s o  be f i l e d  a t  
t h e  hear ing board ' s  d i s c r e t i o n .  Hearings may be requested f o r  in i  tia1 
a p p l i c a t i o n s  and subsequent l i c e n s e  amendments i n c l u d i n g  l i c e n s e  renewals. 

8.4.1.3 Docket F i l e s  

The Commission mainta ins docket f i l e s  on a l l  docketed cases. When hear ings 
are invo lved,  t he  docket f i l e s  i nc lude  a l l  p e r t i n e n t  records such as t r a n s c r i p t s ,  
orders,  and no t i ces .  The docket f i l e s  may be reviewed i n  t h e  Commission's 
P u b l i c  Document Room a t  H St ree t .  

8.4.1.4 Landownership 

E x i s t i n g  r u l e s  i n  10 CFR P a r t  20 r e q u i r e  t h a t  " the  Commisson w i l l  n o t  approve 
any a p p l i c a t i o n s  f o r  a l i c e n s e  t o  rece ive  l i c e n s e d  m a t e r i a l  from o the r  persons 
f o r  d isposal  on l and  n o t  owned by t h e  fede ra l  government o r  by a s t a t e  govern­
ment." States have t r a d i t i o n a l l y  accepted t h e  r o l e  as landowner and e n t i t y  
responsib le  f o r  long-term care o f  t h e  d isposal  f a c i l i t i e s .  Assumption o f  t h i s  
r e s p o n s i b i l i t y  has a f f o r d e d  t h e  s t a t e s  an o p p o r t u n i t y  t o  p a r t i c i p a t e  i n  s i t e  
s e l e c t i o n  and t o  be i n v o l v e d  i n  t h e  a p p l i c a n t ' s  developmental p lans. 

8.4.1.5 Low-Level Radioact ive Waste P o l i c y  Act  

Th is  law, enacted i n  December 1980, es tab l i shes  the  i n d i v i d u a l  s t a t e ' s  respons­
i b i l i t y  f o r  p r o v i d i n g  f o r  d isposal  capac i t y  f o r  waste generated w i t h i n  i t s  borders 
except f o r  defense and fede ra l  research and development wastes. It prov ides 
f o r  format ion o f  reg iona l  s t a t e  compacts t o  meet  t h i s  r e s p o n s i b i l i t y .  S ta te  
p lann ing  and format ion o f  compacts w i l l  a f f o r d  a means f o r  s t a t e  involvement 
i n  development o f  new s i t e s  and i n  d e f i n i n g  use o f  e x i s t i n g  s i t e s .  

8.4.1.6 NEPA 

L i cens ing  commercial r a d i o a c t i v e  waste d isposal  by l and  b u r i a l  i s  s p e c i f i c a l l y  
l i s t e d  i n  10 CFR P a r t  5 1  as an a c t i o n  r e q u i r i n g  p r e p a r a t i o n  o f  an environmental 
impact statement ( E I S ) .  Whether t o  prepare an EIS f o r  amendments and renewals 
i s  judgmental. I f  prepared, t h e  same procedures fo l l owed  f o r  i n i t i a l  l i c e n s i n g  
would be fo l l owed  f o r  amendments and renewals. The Commission i s  r e q u i r e d  i n  
P a r t  5 1  t o  n o t i c e  i t s  i n t e n t  t o  prepare an EIS. I n p u t  f r o m  any source can be 
s o l i c i t e d  by the  Commission f o r  t h e  E I S  scoping process. The a p p l i c a n t ' s  
environmental r e p o r t  i s  w ide l y  d i s t r i b u t e d  f o r  r e a c t i o n  and comment. Once 
d r a f t e d ,  t he  E I S  must be d i s t r i b u t e d  t o  f e d e r a l ,  s t a t e ,  and l o c a l  agencies and 
i n t e r e s t e d  members o f  t h e  p u b l i c  f o r  comment. The a v a i l a b i l i t y  o f  t he  d r a f t  
must be n o t i c e d  and press re leases issued addressing t h e  d e s i r e  f o r  comments 
and a v a i l a b i l i t y  o f  t h e  document. Comments and i n p u t  from a l l  these sources 
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are  used t o  prepare t h e  f i n a l  E I S .  I f  hear ings are held,  t h e  f i n a l  E I S  i s  

normal ly  submit ted as a major p o r t i o n  o f  t he  s t a f f ' s  test imony. The E I S  

process a l s o  g ives due cons ide ra t i on  t o  compliance w i t h  o the r  environmental 

q u a l i t y  standards and requirements imposed by f e d e r a l ,  s t a t e ,  and l o c a l  agencies. 

The f i n a l  E I S  must be n o t i c e d  and d i s t r i b u t e d  i n  the same manner as t h e  d r a f t .  

To the  e x t e n t  p r a c t i c a l ,  t h e  f i n a l  E I S  must a l s o  be d i s t r i b u t e d  t o  a l l  p a r t i e s  

who commented on the  d r a f t .  A l l  sus tan t i ve  comments must be i nc luded  and 

addressed i n  t h e  f i n a l  E I S .  Responsible opposing views n o t  adequately addressed 

i n  t h e  d r a f t  must be discussed i n  the  f i n a l  E I S .  


Copies o f  t he  environmental r e p o r t ,  d r a f t  and f i n a l  EISs, comments, and documented 

f i n d i n g s  a re  p laced i n  t h e  docket f i l e s  f o r  p u b l i c  i nspec t i on .  


8.4.2 Changes and A l t e r n a t i v e s  t o  E x i s t i n g  Procedures 


8.4.2.1 General 


I n  dec id ing  whether t o  modify o r  supplement e x i s t i n g  procedures f o r  s t a t e ,  

t r i b a l ,  and p u b l i c  p a r t i c i p a t i o n ,  t h e  Commission considered f a c t o r s  such as 

t h e  d e s i r e  t o  f o s t e r  e a r l y  involvement so t h a t  issues are i d e n t i f i e d  e a r l y  i n  

t h e  process so t h a t  dec is ions may be made w i t h  l e s s  delay,  t he  d e s i r e  t o  reach 

a l l  a f f e c t e d  p a r t i e s ,  and r e c o g n i t i o n  t h a t  t he  a p p l i c a n t ,  Commission, and p u b l i c  

should n o t  be unduly burdened. Another impor tant  cons ide ra t i on  i s  t h e  p o l i c y  

s e t  o u t  i n  t h e  I n d i a n  Sel f -Determinat ion and Education Assistance Act (25 USC 

450) (Ref .  5) t o  f o s t e r  I n d i a n  p a r t i c i p a t i o n  i n  mat ters  a f f e c t i n g  them and 

s e l f - d e t e r m i n a t i o n  by I n d i a n  people. 


Although I n d i a n  t r i b a l  governments can p a r t i c i p a t e  as i n t e r e s t e d  p a r t i e s  i n  

hear ings and comment on d r a f t  and f i n a l  EISs under e x i s t i n g  procedures, no 

spec ia l  r e c o g n i t i o n  i s  prov ided and the  t r i b a l  governments are n o t  l i s t e d  i n  

l i s t s  o f  app rop r ia te  o f f i c i a l s .  I n  proposed r e v i s i o n s  t o  P a r t  2 and proposed 

p r o v i s i o n s  i n  t h e  new P a r t  61, t r i b a l  governments should be e x p l i c i t l y  i nc luded  

t o  p rov ide  a d d i t i o n a l  assurances t h a t  they a re  informed and inc luded i n  the  

l i c e n s i n g  process and t h a t  e a r l y  i n p u t  i s  s o l i c i t e d .  The s p e c i f i c  r e c o g n i t i o n  

o f  t r i b a l  r i g h t s  and concerns i s  impor tant  i n  and of  i t s e l f  a lso.  


8.4.2.2 Docketing 


The d e c i s i o n  no't t o  add a n o t i c e  o f  i n t e n t  to t he  f r o n t  end of  t h e  l i c e n s i n g  

process was discussed e a r l i e r  as was t h e  a d d i t i o n  o f  t h e  tender ing  step p r i o r  

t o  docket ing.  The proposed tender ing  step inc ludes making Cornmission s t a f f  

a v a i l a b l e  f o r  c o n s u l t a t i o n  and s o l i c i t i n a  views and comments from s t a t e s ,  t r i b e s ,  

and t h e  p u b l i c  i n  t h e  Federal Regis ter  and l o c a l  newspapers. The e x i s t i n g  

requirements on t h e  appl ican t  and Commission upon docket i  ng were re ta ined .  

The Commission a1so considered more expl  i c i  t requirements such as requirements 

f o r  mandatory p u b l i c  meetings, n o t i c i n g  these p u b l i c  meetings i n  the  newspapers, 

mandatory l o c a t i o n  f o r  meetings, mandatory l o c a l  p u b l i c  document rooms, and 

t o l l - f r e e  i n f o r m a t i o n a l  telephone numbers. While these ideas f o r  methods o f  

f o s t e r i n g  and f a c i l i t a t i n g  p u b l i c ,  s t a t e ,  and t r i b a l  p a r t i c i p a t i o n  have m e r i t s ,  

t h e  Commission chose t o  consider  such methods on a case-by-case bas i s  r a t h e r  

than impose them i n  the  r e g u l a t i o n s .  Because the  s t a t e  w i l l  probably be 
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i nvo l ved  i n  t h e  deve opment o f  t h e  s i t e ,  many o f  t h e  measures may n o t  be 
warranted. Not requ r i n g  the  measures does n o t  p rec  ude t h e  implementation o f  
one o r  a l l .  

8.4.2.3 Hearings 

The s ta tes ,  t r i b e s ,  and p u b l i c  have ample oppor tun i t y  t o  p a r t i c i p a t e  i n  t h e  
hear ing  process under e x i s t i n g  requirements. A s  discussed e a r l i e r ,  mandatory 
hear ings are  n o t  j u s t i f i e d .  No changes are  proposed. 

8.4.2.4 Docket F i  1es 

Changes t o  e x i s t i n g  requirements considered were mandatory l o c a l  p u b l i c  
document rooms, mandatory p u b l i c  docket f i l e s  i n  reg iona l  NRC o f f i c e s ,  and 
more s p e c i f i c i t y  about headquarters p u b l i c  document rooms. The Commission 
c u r r e n t l y  arranges l o c a l  p u b l i c  document rooms o r  s i m i l a r  arrangements f o r  
a c t i v e  l i censes  f o r  commercial d isposa l  o f  wastes and expects t o  cont inue t h i s  
p r a c t i c e .  Case-by-case f l e x i b i l i t y  f o r  l o c a l  document rooms i s  p r e f e r a b l e  i n  
case t h e  s t a t e  has made o the r  arrangements o r  l a c k  o f  i n t e r e s t  o r  w i l l i n g n e s s  
f o r  a l o c a l  group t o  accept r e s p o n s i b i l i t y  f o r  ma in ta in ing  t h e  f i l e s .  S i m i l a r  
cons idera t ions  app ly  t o  reg iona l  f i1es. Requi r ing r u l e  changes f o r  admi n i  s ­
t r a t i v e  hand l ing  o f  headquarters f i l e s  i s  t h e  major reason no a d d i t i o n a l  
s p e c i f i c i t y  was proposed f o r  these f i l e s .  

8.4.2.5 Landownership 

The need f o r  i n s t i t u t i o n a l  c o n t r o l  d i c t a t e s  t h e  c o n t i n u a t i o n  o f  t h e  governmental 
ownership requirements. The Commission considered whether t r i b a l  ownership 
should be included. While t h e  t r i b a l  governing bodies could,  i n  many cases, 
p rov ide  t h e  long-term i n s t i t u t i o n a l  s t a b i l i t y  a t  t h e  h e a r t  of t h i s  requirement, 
t h e  r e s p o n s i b i l i t y  and burden f a r  outweigh any economic b e n e f i t s  t o  t h e  t r i b e  
from t h e  opera t i on  o f  t h e  f a c i l i t i e s .  Furthermore, t h e  s t a t e  and fede ra l  
government have r e s p o n s i b i l i t y  f o r  p r o t e c t i n g  and cons ide r ing  t h e  i n te res t .  o f  
t h e  s t a t e  o r  n a t i o n  as a whole. T r i b a l  ownership was n o t  proposed. 

As discussed e a r l i e r ,  t h e  a p p l i c a n t  must demonstrate t h a t  arrangements f o r  
i n s t i t u t i o n a l  c o n t r o l  a re  i n  order .  By r e q u i r i n g  c e r t i f i c a t i o n  t h a t  t h e  
c u s t o d i a l  agency understands and i s  prepared t o  accept t h e  r e s p o n s i b i l i t y  and 
l i c e n s e  f o r  i n s t i t u t i o n a l  c o n t r o l ,  e a r l y  nego t ia t i ons  w i t h  t h e  agency are  
assured. S i m i l a r  assurances stem from demonstrat ing landowner arrangements. 
Since t h e  s t a t e  w i l l  p robab ly  be t h e  landowner, e a r l y  s t a t e  involvement i s  
almost guaranteed. One a l t e r n a t i v e  considered was t o  r e q u i r e  s t a t e  o r  f ede ra l  
ownership o f  t he  l a n d  a t  t h e  t ime t h e  a p p l i c a t i o n  i s  f i l e d .  The Commision 
c e r t a i n l y  wants t o  a l l o w  cons ide ra t i on  o f  s t a t e  and fede ra l  l a n d  i n  the  s i t e  
s e l e c t i o n  process. Requ i r ing  e a r l y  t r a n s f e r  o f  l and  n o t  s t a t e  o r  f e d e r a l l y  
owned cou ld  i n f l uence  cons ide ra t i on  o f  a l t e r n a t i v e  s i t e s .  The a p p l i c a n t  would 
have a s i g n i f i c a n t  f i n a n c i a l  commitment i n  a c q u i r i n g  t h e  l a n d  compared t o  t h e  
commitment i nvo l ved  i n  an op t ion .  The government agency would a l s o  have t o  
accept r e s p o n s i b i l i t y  f o r  t h e  s i t e  be fore  Commission review was completed and 
delays cou ld  r e s u l t  from determin ing  t h a t  t h e  proposed a c t i v i t i e s  meet a l l  
requirements o f  t h e  agency. Thus, t h i s  a l t e r n a t i v e  was n o t  adopted. 
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A general c e r t i f i c a t i o n  requirement would a l l o w  f l e x i b i l i t y  y e t  assure t h a t  

a p p l i c a n t  and Commission resources are n o t  expended when t h e  government agency 

knows i t  i s  u n w i l l i n g  t o  commit i t s e l f  t o  a s i t e .  The Commission has no a u t h o r i t y  

t o  f o r c e  a s t a t e  o r  f ede ra l  agency t o  assume the  r e s p o n s i b i l i t y  f o r  s i t e  owner­

sh ip  and i n s t i t u t i o n a l  care. I t  can on ly  re fuse  t o  i ssue  a l i c e n s e  i f  these 

r e s p o n s i b i l i t i e s  are n o t  accepted. The commitment made by the  government 

agency can be cond i t i oned  as des i red  w i t h  respect  t o  issues and mat ters  n o t  

preempted by t h e  Atomic Energy Act. Even a p r o v i s i o n a l  commitment should 

i n v o l v e  some process t o  i n v o l v e  t h e  p u b l i c .  Several o f  t he  reg iona l  workshops 

on the  d r a f t  r u l e  suggested t h a t  a p o t e n t i a l  hos t  s t a t e  conduct a process l i k e  

t h a t  f o r  a f i n d i n g  o f  " p u b l i c  convenience and necessi ty l l  f o r  proposed power 

p lan ts .  ?he Commission cannot r e q u i r e  such a process b u t  expects t h a t  what­

ever method w i l l  be used w i l l  i n v o l v e  o p p o r t u n i t y  f o r  p u b l i c  comment and 

c o n s u l t a t i o n  w i t h  a f f e c t e d  j u r i s d i c t i o n s .  According t o  s t a t e  p a r t i c i p a n t s  i n  

t h e  western reg iona l  workshop, intergovernmental  c o n s u l t a t i o n  may b 

impor tant  when d isposal  i s  proposed on fede ra l  l a n d  and h o p e f u l l y  t h e  fede ra l  

l a n d  manager would i n c l u d e  such c o n s u l t a t i o n  be fo re  making a commitment. The 

government agency commitment does n o t  l i m i t  p a r t i c i p a t i o n  i n  t h e  l i c e n s i n g  

proceedings under P a r t  2 o r  P a r t  51. 


The Commission a l s o  considered r e q u i r i n g  a c e r t i f i c a t i o n  from t h e  intended 

landowner. T r y i n g  t o  word t h e  c e r t i f i c a t i o n  t o  i nc lude  a l l  cond i t i ons  and 

q u a l i f i c a t i o n s  and cover a l l  s i t u a t i o n s  proved d i f f i c u l t .  Another a l t e r n a t i v e  

considered and r e j e c t e d  was t o  r e q u i r e  a commitment concerning a l l  a l t e r n a t i v e  

s i t e s  i d e n t i f i e d  i n  the  a p p l i c a t i o n  o r  environmental r e p o r t .  The p r o  

requirement should apply  o n l y  t o  the  proposed s i t e .  I f  an a l t e r n a t i v e  s i t e  i s  

found p r e f e r a b l e ,  a commitment f r o m  t h e  a l t e r n a t i v e  s i t e  landowner can be 

obta ined a t  t h a t  p o i n t  i n  t h e  proceeding. This  arrangement i s  judged t o  be t h e  

l e a s t  burdensome t o  a l l  p a r t i e s .  


8.4.2.6 NEPA 


The Commission has a separate rulemak ng t o  update P a r t  51. No changes t o  NEPA 

a c t i v i t i e s  w e r e  considered. 


8.4.2.7 P a r t i c i p a t i o n  by S ta te  o r  T r  b a l  Governments 


New requirements f o r  p a r t i c i p a t i o n  by s t a t e  o r  t r i b a l  governments should be 

es tab l i shed  and pa t te rned  a f t e r  t h e  hew Subpart C o f  10 CFR P a r t  60 f o r  h igh- 

l e v e l  wastes. The subpart  prov ides a formal mechanism f o r  approv in 

p a t i o n  i n  t h e  l i c e n s e  review process. It does n o t  g r a n t  any new r i  

a u t h o r i t i e s  b u t  h i g h l i g h t s  an e x i s t i n g  o p p o r t u n i t y  and o u t l i n e s  how t h e  s t a t e s  

can take  advantage o f  t h e  e x i s t i n g  oppor tun i t y .  Based on i n p u t  from t h e  s t a t e s ,  

such h i g h l i g h t i n g  and s t r u c t u r i n g  i s  needed. 


The l o g i c a l  p o i n t s  t o  address i n  s e t t i n g  up a formal process are who should 

i n i t i a t e  t h e  ac t i on ;  where, when, and how t o  submit an i n i t i a t i n g  proposal ;  

what t o  i nc lude  i n  a proposal ;  and how t h e  proposal  w i l l  be approved. 


A request f o r  formal p a r t i c i p a t i o n  should be prepared by t h e  s t a t e  o r  t r i b a l  

governing body and submit ted t o  t h e  d i r e c t o r  no l a t e r  than 120 days a f t e r  
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docketing o f  the application. The 120 days is the same time frame as provided
in 10 CFR Part 60. It provides a reasonable time to consider filing and preparing 
a proposal but precipitates action while Commission review is still in its early 
stages. 

The content o f  any proposals must adequately define what the state o r  tribe 
proposes to do. The proposed topics include identifying issues, impacts,
products, and plans for local government and citizen participation. The 
suggested elements do not preclude submission of any other information the 
state o r  tribe desires. 

The approval process should include meetings to discuss the proposal, decision 
criteria, and an appeal provision. No other changes to the basic approach set 
out in Part 60 were considered or adopted. 
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Chapter 9 


FINANCIAL ASSURANCES FOR CLOSURE, POSTCLOSURE, AND INSTITUTIONAL CONTROL 


9.1 INTRODUCTION 


This chapter reviews the need to require financial assurances of licensees for 
closure, postclosure care, and active institutional control of a low-level 
waste disposal facility and presents the technical requirements developed by
the staff to address this need. In Section 2, the staff presents their rationale 
of why it is necessary t o  require financial responsibility of low-level waste 
disposal licensees for closure, postclosure, and for active institutional 
control. Section 2 also summarizes operating experiences at low-level waste 
sites, and reviews federal and state regulatoyy precedents in this area. 
Section 3 presents the staff's development of technical requirements to assure 
adequate funds are available for final closure and postclosure care at the 
site. The section presents the staff's review of financial assurance mechanisms, 
and discusses the criteria for evaluating these alternatives. Section 4 
presents the staff's development of technical requirements for financial 
assurances to cover costs during the long-term (institutional control) period. 

Table 9.1 presents an overview of the financial assurances required at the 
various stages of the life cycle of a disposal facility following the proposed
requirements in 10 CFR Part 61. 

For a more detailed analysis o f  the financial assurance requirements for 
closure and for long-term care, as well as a history of the operating experiences 
at the low-level waste sites, and a review of federal and state precedents in 
the area of financial responsibility for hazardous waste sites, the reader is 
referred to Appendix K of this Environmental Impact Statement. 

9 .2  NEED FOR FINANCIAL PROTECTION REGULATIONS 

Financial assurance requirements for low-level waste disposal facilities are 

needed to help ensure the long-term protection of the public health and safety

and the environment. A review by the staff of the operating experiences at 

both hazardous waste and LLW disposal sites reveals that operators sf both 

types of sites did not adequately plan for closure and long-term care activities. 

With respect to the LLW sites, the state and federal governments recognized the 

need to care for the sites over the long term. The sites had to be located on 

federal or state government-owned land and funds were collected for long-term 

care activities. In most cases, however, the funds collected for long-term 

care activities (e.g., the Maxey Flats, Kentucky site) were not adequate and 

there was essentially no financial planning for contingencies that might 
occur, (e.g., the need t o  pump trenches and treat trench leachate). In addition, 
until recently little planning or financial assurance was provided for funding
the final closure and stabilization of the existing sites. This has led to a 
situation where financial responsibility for the continued assurance of 
protection of the public health and safety at several of the existing closed 
sites already has or could become a responsibility o f  the state o r  federal 
government. Early proper fi nancia1 plann: ng to assure the avai1abi1i ty of 
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Table 9.1 Life Cycle Financial Assurances for a Disposal Facility
Following Proposed 10 CFR Part 61 

Time in 

Years Activity Form o f  Financial Assurance 


1-2yrs 	 Site Selection and Licensee responsible for costs incurred 

Characterization 


1-2yrs Licensing Activities 	 Licensee responsible for costs incurred 

i ncluding 1i censee fee 


Site closure plan including cost estimates 

for closure is submitted as part of licensee 

application 


Lease arrangement with long-term care 

arrangements for financial responsibility

between licensee and state submitted for 

review to NRC for adequacy 


Licensee obtains adequate short-term sureties 

to provide for closure 


20-40 yrs License Issued; Site Short-term sureties in place for closure: 
is in Active Opera- NRC periodically reviews and requires
tion; Waste Received updating to account for changes in inflation, 

site conditions, etc. 

NRC periodically reviews revisions to lease 
arrangements to ensure that arrangements
for financial responsibilities for long-term 
care are adequate 

1-2yrs Site Closure and Costs covered from short-term sureties, 

Stabi1 i zation if necessary; otherwise, licensee performs


activities 


Lease arrangement between site owner and 

operator for long-term care is still in 

effect 


5-15 yrs Observation and Licensee still responsible for all further 

Maintenance costs during this period, with short-term 


assurances still in place 


100 yrs 	 License Transferred to Terms and conditions o f  lease are met, and 
Site Owner; "Active either state or licensee provides funds to 
Institutional Control pay for all required and necessary activities 
Period" of this period 
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adequate f i n a n c i a l  resources f o r  c losure ,  cont ingencies,  pos tc losure  care,  and 
i n s t i t u t i o n a l  c o n t r o l  cou ld  have prevented t h i s  f rom happening. 

As discussed i n  t h e  rev iew o f  t h e  opera t ing  h i s t o r i e s  o f  low- leve l  waste 
d isposal  s i t e s  i n  Appendix K o f  t h e  � I S ,  t h e  necessary c losu re  and long-term 
care  a c t i v i t i e s  have, i n  some cases, n o t  been undertaken, o r  have had t o  be 
conducted by t h e  s t a t e  government, because o f  t h e  l a c k  o f  p lann ing  f o r  and 
l a c k  o f  f i n a n c i a l  assurances f o r  such a c t i v i t i e s .  Closure, pos tc losure ,  and 
a c t i v e  i n s t i t u t i o n a l  care cos ts  a re  genera l l y  i n c u r r e d  a f t e r  t h e  s i t e  operator  
i s  no longer  r e c e i v i n g  revenues from waste generators.  Thus, proper  p lann ing  
du r ing  t h e  opera t ing  phase when revenues can be accrued i s  essen t ia l .  

Based on these cons idera t ions ,  t he re  i s  a s t rong  need f o r  r e g u l a t o r y  requ i re ­
ments t o  ensure t h a t :  (1) t h e  l i censee  has s u f f i c i e n t  f i n a n c i a l  resources t o  
p rov ide  f o r  f i n a l  c losu re  and pos tc losure  care o f  t h e  s i t e ,  and (2 )  t h e  l i censee  
prov ides  f i n a n c i a l  assurance f o r  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  a f t e r  
t h e  s i t e  i s  c losed and s t a b i l i z e d .  The s t a f f  be l i eves  these c losu re  and a c t i v e  
i n s t i t u t i o n a l  care cos ts  should be i d e n t i f i e d  e a r l y  and should be prov ided f o r  
as p a r t  o f  t h e  necessary cos ts  o f  opera t ing  a s i t e .  F inanc ia l  assurance 
mechanisms t o  p rov ide  f o r  these cos ts  should be es tab l i shed  du r ing  t h e  a c t i v e  
opera t ing  p e r i o d  o f  t h e  s i t e ,  when revenues a re  s t i l l  be ing  rece ived by  t h e  
l icensee,  and he has access t o  f i n a n c i a l  resources. An a p p l i c a n t  seeking a 
l i c e n s e  f o r  t h e  d isposal  o f  low- leve l  waste must est imate t h e  cos ts  o f  c losu re  
i n  o rder  t o  p rov ide  f o r  adequate f i n a n c i a l  assurances based on these est imates.  
Therefore,  t h e  amount o f  f i n a n c i a l  r e s p o n s i b i l i t y  requ i red  o f  l icensees w i l l  
be cons is ten t  w i t h  t h e  degree o f  r i s k  associated w i t h  t h e  c losure  and a c t i v e  
i n s t i t u t i o n a l  care o f  t h e  s i t e .  (Est imates o f  t h e  cos ts  o f  var ious  p o t e n t i a l  
expenses of  c losu re  and pos tc losure  care o f  a s i t e  a re  presented i n  Appendix Q 
o f  t h e  EIS.) 

Meeting such a techn ica l  requirement f o r  c losu re  and a c t i v e  i n s t i t u t i o n a l  care 
w i l l  i n v o l v e  a c o s t  t o  t h e  l icensee.  However, proper  c losu re  should he lp  t o  
p revent  o the r  cos ts ,  such as remedial  cos ts ,  a d m i n i s t r a t i v e  cos ts  t o  t h e  
r e g u l a t o r y  agency, and environmental costs .  For  example, f a i l u r e  t o  p rov ide  
f o r  adequate f i n a n c i a l  assurances f o r  c losu re  cou ld  r e s u l t  i n  a s i t u a t i o n  
where i t  i s  necessary f o r  t h e  respons ib le  r e g u l a t o r y  agency o r  t h e  s i t e  owner 
t o  p rov ide  f o r  f i n a l  c losu re  and s t a b i l i z a t i o n  a t  taxpayer  expense. Any 
c o r r e c t i v e  ac t i ons  would a l s o  need t o  be taken by t h e  agency as w e l l  as t h e  
longer  term i n s t i t u t i o n a l  c o n t r o l  a c t i v i t i e s .  Environmental cos ts  t h a t  cou ld  
be i n c u r r e d  i f  a l i censee  was unable t o  conduct f i n a l  c losu re  and s t a b i l i z a t i o n  
c o u l d  i nc lude  increased p o t e n t i a l  f o r  contaminat ion of s o i l ,  a i r ,  and sur face  
and ground waters. Adequate funds must be prov ided du r ing  operat ions t o  cover 
t h e  costs  f o r  c losu re  and f o r  long-term care a c t i v i t i e s .  

The need f o r  s t r i n g e n t  f i n a n c i a l  requirements t o  ensure t h a t  t h e  l i censee i s  
f i n a n c i a l l y  respons ib le  has been vo iced by a number o f  sources, i n c l u d i n g  t h e  
U.S.  General Accounting O f f i c e ,  t h e  Nat iona l  Conference o f  Rad ia t ion  Contro l  
Program D i r e c t o r ' s  Task Force on Bonding, numerous s t a t e  o f f i c i a l s ,  and a l so  
i n  p u b l i c  comments rece ived on t h e  p r e l i m i n a r y  d r a f t  r e g u l a t i o n  f o r  low- leve l  
waste d isposal .  These comments, a long w i t h  t h e  federa l  and s t a t e  regu la to ry  
precedents descr ibed i n  Appendix K have enabled t h e  s t a f f  t o  examine a range 
o f  a1t e r n a t i v e s  f o r  f i n a n c i a l  assurances. 
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9 .2 .1  	 Federal and S ta te  Precedents f o r  Closure, Postclosure,  and Long-Term 
Care Requirements 

I n  developing requirements f o r  f i n a n c i a l  assurances f o r  c losu re  and pos tc losu re  
and f o r  long-term care,  t he  NRC s t a f f  examined fede ra l  and s t a t e  r e g u l a t o r y  
requirements. These o the r  r e g u l a t o r y  requirements n o t  o n l y  prov ided precedents 
f o r  the NRC r e g u l a t i o n s ,  b u t  a l s o  enabled the  s t a f f  t o  examine a range o f  
f i n a n c i a l  assurance instruments.  Furthermore, t h e  experiences gained by the  
var ious agencies i n  admin i s te r i ng  these var ious mechanisms a l s o  enabled t h e  
s t a f f  t o  evaluate the  a d m i n i s t r a t i v e  t i m e  r e q u i r e d  t o  implement them. 

9.2.1.1 Federal F i n a n c i a l  Assurance Mechanisms 

9.2.1.1.1 Environmental P r o t e c t i o n  Agency (EPA) 

The EPA i s  c u r r e n t l y  engaged i n  d r a f t i n g  f i n a n c i a l  p r o t e c t i o n  r e g u l a t i o n s  f o r  
operators  engaged i n  the  d isposal  o f  hazardous waste. Under t h e  Resource 
Conservation and Recovery Act  (RCRA), t he  EPA i s  r e q u i r e d  t o  e s t a b l i s h  f i n a n c i a l  
r e s p o n s i b i l i t y  standards a p p l i c a b l e  t o  owners and operators o f  hazardous waste 
management f a c i l i t i e s .  EPA concluded t h a t  f i n a n c i a l  r e s p o n s i b i l i t y  performance 
standards are necessary t o  assure t h a t  funds w i l l  be a v a i l a b l e  f o r  t h e  proper  
c losu re  and pos tc losu re  care o f  t h e  s i t e .  The i n t e r i m  f i n a l  r u l e s  issued 
January 12, 1981 r e q u i r e  the  owner o r  operator  o f  each hazardous waste t reatment,  
storage, o r  d isposal  f a c i l i t y  t o  e s t a b l i s h  f i n a n c i a l  assurances f o r  c losu re  
and f o r  pos tc losu re  care. Acceptable f i n a n c i a l  assurance mechanisms i n c l u d e  
t r u s t  funds, su re ty  bonds, l e t t e r s  o f  c r e d i t ,  o r  a combination o f  these 
mechani sms. 

9.2.1.1.2 U.S. Department o f  t he  I n t e r i o r ,  O f f i c e  o f  Surface Min ing 

The I n t e r i o r  Department issued r e g u l a t i o n s  i n  1979, pursuant t o  t h e  1977 
Surface Min ing Contro l  and Reclamation Act ,  r e q u i r i n g  operators  o f  sur face 
min ing operat ions t o  o b t a i n  a performance bond t o  assure t h a t  t h e  area w i l l  be 
managed i n  accordance w i t h  performance standards. Performance bonds inc lude  
su re ty  bonds, c o l l a t e r a l  bonds, escrow accounts, sel f -bonds, o r  a combination 
o f  these f inanci a1 assurance mechani sms. 

C o l l a t e r a l  bonds may be supported by cash, c e r t a i n  negot iab le bonds, c e r t i f i c a t e s  
of  deposi ts ,  i r r e v o c a b l e  l e t t e r s  o f  c r e d i t ,  o r  a mortgage o r  s e c u r i t y  i n t e r e s t  
i n  p r o p e r t y  granted t o  t h e  r e g u l a t o r y  a u t h o r i t y  equal i n  value t o  t h e  bond 
o b l i g a t i o n .  Companies may s e l f - i n s u r e  i f  they can show f i n a n c i a l  solvency and 
continuous opera t i on  f o r  t e n  years. 

9.2.1.1.3 Federal Mar i t ime Commission (FMC) 

The FMC has r e s p o n s i b i l i t y  under several  water p o l l u t i o n  c o n t r o l  a c t s  f o r  
i s s u i n g  and implementing r e g u l a t i o n s  t o  r e q u i r e  vessel operators  t o  p rov ide  
f i n a n c i a l  p r o t e c t i o n  t o  ensure t h a t  t hey  w i l l  be able t o  meet p o t e n t i a l  
o b l i g a t i o n s  a r i s i n g  from s p i l l s .  The r e g u l a t i o n s  a l l o w  t h e  f o l l o w i n g  methods: 
(1) insurance, (2) su re ty  bonds, (3) se l f - i nsu rance ,  based on the  operator  
ma in ta in ing  c e r t a i n  s p e c i f i e d  l e v e l s  o f  n e t  wor th and working c a p i t a l ,  (4) a 
guarantee where t h e  guaranteer meets t h e  se l f - i nsu rance  requirements, and (5) 
o the r  evidence o f  f i n a n c i a l  r e s p o n s i b i l i t y .  
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9.2.1.2 S ta te  Financial Assurance Mechanisms 

9.2.1.2.1 I1 1i n o i s  

U . S .  Ecology, Inc. (formerly, The Nuclear Engineering Company, Inc . )  operated 
a low-level waste disposal s i t e  a t  Sheff ie ld ,  I l l i n o i s  which i s  now closed. 
Financial arrangements f o r  "perpetual care" a re  found i n  a lease arrangement
signed between the s i t e  operator and the s t a t e .  The or iginal  terms of the 
lease ca l led  f o r  the operator t o  pay the s t a t e  $0.05 f o r  each cubic foot  
deposited a t  the  s i t e .  However, a t  the time t h a t  the lease was executed, the 
s t a t e  d i d  not have an earmarked or  s t a t e  fund f o r  the col lect ion of these 
fees .  Funds col lected f o r  care and maintenance p r i o r  t o  October 1976 were 
deposited i n t o  the  general t reasury of the s t a t e ,  and a r e  not now avai lable  
f o r  closure and f o r  postclosure care.  In 1978, the lease was amended s o  t h a t  
the  operators had t o  pay in to  a s t a t e  perpetual care and maintenance fund i n  
the  amount of $0.10 per cubic foot.  The I l l i n o i s  General Assembly a l so  
recognized t h a t  s i t e s  used f o r  the disposal of radioactive waste would represent 
a continuing and perpetual respons ib i l i ty  i n  the i n t e r e s t  of heal th ,  safety 
and general welfare. Fees col lected a f t e r  September 1976 were deposited i n  
the  s t a t e  t reasury and s e t  apar t  in a special fund  known as the Radioactive 
Waste S i t e  Perpetual Care Fund. Monies from the invested funds were t o  be 
used by the Director o f  the  Department of Public Health t o  monitor and maintain 
the s i te .  However, as o f  December 1979, there  was only approximately $50,000 i n  
the  f u n d ,  which s t a t e  o f f i c i a l s  found t o  be insuf f ic ien t  f o r  the purposes of any 
long-term care a c t i v i t i e s  a t  the s i t e .  

9.2.1.2.2 Nevada 

U.S .  Ecology, Inc. operates a low-level waste disposal s i t e  a t  Beatty, Nevada 
and has col lected funds f o r  closure and f o r  long-term care.  A lease arrangement 
was s e t  up o r ig ina l ly ,  whereby the company agreed t o  c o l l e c t  a fee  from waste 
generators who use the  s i t e .  However, by 1976, s t a t e  o f f i c i a l s  indicated t o  
NRC s t a f f  tha t  t h e i r  e a r l i e r  provisions f o r  long-term care funds f o r  the  s i t e  
were inadequate. Recently however, the s t a t e  has taken measures t o  ensure 
t ha t  a la rger  amount of funds a r e  avai lable  f o r  closure and f o r  postclosure 
a c t i v i t i e s .  In 1977, the s t a t e  enacted l e g i s l a t i o n  which revised the radiat ion 
protection regulations as well as c a l l i n g  f o r  the development of a long-term 
care  fund f o r  the  radioactive disposal s i t e .  The leg is la t ion  created a Radio­
ac t ive  Materials Disposal Fund in the s t a t e  treasury.  Fees col lected from 
waste generators by the l icensee a re  t o  be deposited i n t o  the fund and 
subsequently invested. 

9.2.1.2.3 South Carolina 

Chem-Nuclear Systems, Inc. operates a low-level waste disposal s i t e  a t  Barnwell, 
South Carolina. The company and the s t a t e  of South Carolina a r e  p a r t i e s  t o  a 
lease requiring the  company t o  pay the s t a t e  a cubic foot  charge f o r  long-term 
care of the s i te .  The lease c a l l s  f o r  increases i n  the  amount of the surcharge 
every three years in accordance w i t h  changes i n  the  Consumer Price Index. The 
escrow account i n t o  which the fees  a re  deposited f o r  long-term care continues 
t o  be maintained, and i n t e r e s t  i s  earned on the monies accrued t o  the fund. 
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I n  May 1980, t h e  company a l s o  submi t ted a d r a f t  t r u s t  fund arrangement t o  

South Caro l i na  t o  handle t h e  c o l l e c t i o n  o f  c losu re  expenses as p a r t  o f  t h e i r  

p r e l i m i n a r y  s i t e  s t a b i l i z a t i o n  and c losu re  p l a n  f o r  t h e  s i t e .  The terms o f  

t h e  d r a f t  t r u s t ,  which are  c u r r e n t l y  be ing  negot ia ted  w i t h  t h e  s t a t e ,  c a l l  f o r  

t h e  company t o  t r a n s f e r  t h e  c o l l e c t e d  surcharges t o  t h e  t r u s t  fund, u n t i l  a 

t o t a l  o f  $1,000,000 i s  co l l ec ted .  


9.2.1.2.4 Kentucky 


U.S. Ecology, I n c .  operated a low- leve l  waste d isposal  s i t e  a t  Maxey F l a t s ,  

Kentucky which i s  now closed. I n  1976, t h e  Kentucky General Assembly passed 

an a c t  t h a t  imposed an exc ise  t a x  o f  $0.10 p e r  pound on a l l  r a d i o a c t i v e  

mate r ia l s  d e l i v e r e d  i n  t h e  s t a t e  f o r  processing, packaging, storage, and 

disposal .  A study prepared f o r  t h e  Kentucky l e g i s l a t u r e  recommended t h a t  t h e  

monies f rom t h e  surcharge should be p laced i n  a spec ia l  escrow account f o r  

long-term care and maintenance, r a t h e r  than i n  t h e  general  fund, as had 

p r e v i o u s l y  been t h e  case. A d d i t i o n a l l y ,  NRC d iscuss ions w i t h  s t a t e  o f f i c i a l s  

i n d i c a t e d  t h a t  t h e r e  were i n s u f f i c i e n t  funds a v a i l a b l e  t o  pay f o r  necessary 

c losu re  and remedial  a c t i v i t i e s .  A f t e r  t h e  $0.10 surcharge became law on June 19, 

1976, t h e  q u a n t i t y  o f  nuc lear  waste disposed o f  a t  Maxey F l a t s  dec l i ned  by 95%. 

The s i t e  was c losed i n  1977, by o rder  o f  t h e  s t a t e ,  pending t h e  complet ion o f  a 

water management program. Discussions w i t h  s t a t e  o f f i c i a l s  i n d i c a t e  t h a t  

i n s u f f i c i e n t  funds were a v a i l a b l e  from t h e  Maxey F l a t s  long- term care fund t o  

prov ide  f o r  c losu re  o r  long-term care a c t i v i t i e s .  


9.2.1.2.5 Washington 

U.S. Ecology a l so  operates a low- leve l  d isposal  s i t e  a t  Hanford, Washington. The 
s t a t e  and NECO were bo th  p a r t i e s  t o  a lease arrangement r e q u i r i n g  t h e  development 
o f  a long- term care fund, which cons is ted  o f  fees c o l l e c t e d  from waste generators 
Funds i n  t h e  long-term care  fund a re  i nves ted  by t h e  S ta te  Finance Committee i n  
t h e  same manner as o the r  s t a t e  monies, and any i n t e r e s t  accru ing  as a r e s u l t  o f  
investment i s  re tu rned  t o  t h e  fund. Since 1980, these funds have been c o l l e c t e d  
on t h e  bas i s  o f  a $.25 p e r  cub ic  f o o t  surcharge l e v i e d  on waste generators us ing  
t h e  s i t e .  

9.2.1.2.6 New York 

Nuclear Fuel Serv ices (NFS) es tab l i shed  a low- leve l  waste b u r i a l  ground a t  
West Va l ley ,  New York i n  1962. Under t h e  terms and cond i t i ons  o f  a lease 
negot ia ted  between NFS and t h e  s t a t e ,  NFS was requ i red  t o  ma in ta in  and p rov ide  
s torage and maintenance o f  t h e  wastes be fo re  r e t u r n i n g  c o n t r o l  t o  t h e  s t a t e .  
NFS was a l so  requ i red  t o  c o l l e c t  and tu rn  over  t o  t h e  s t a t e  o r  f ede ra l  government 
a t  t h e  p o i n t  o f  c losu re  a charge c a l c u l a t e d  t o  p rov ide  t h e  est imated f u l l  cos ts  
f o r  perpe tua l  storage. I n  t h e  1970s, t h e  low- leve l  waste b u r i a l  ground was closed. 
S ta te  government o f f i c i  a1s i n d i c a t e d  t h a t  insuff i c i  e n t  revenues were avai  1ab1e t o  
p rov ide  f o r  maintenance a t  t h e  s i t e ,  and t h i s  i ssue has n o t  been resolved. 

9.2.1.2.7 Oregon 

Oregon requ i res  owners o r  operators  t o  submit a c losu re  and pos tc losure  p l a n  
as p a r t  o f  a f a c i l i t y  pe rm i t  a p p l i c a t i o n .  The s t a t e  reviews each p l a n  and 
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then estimates closure and postclosure care  cos ts  a t  the s i t e .  The s t a t e  then 
requires each owner or operator t o  obtain a cash bond i n  the  name of the s t a t e  
t o  cover closure and postclosure costs .  

9.2.1.2.8 Wisconsin 

Wisconsin requires hazardous waste f a c i l i t y  operators and owners t o  submit  a 
closure and postclosure plan. The s t a t e  allows the owner or  operator t o  
provide proper closure and postclosure care. The owner or  operator m u s t  s e t  
as ide a l l  necessary funds t o  c lose his f a c i l i t y  before h e  may begin f a c i l i t y  
operations. However, payments may be made i n t o  the postclosure fund a t  regular 
in te rva ls  d u r i n g  the l i f e  of the s i t e .  The owner or operator i s  f inanc ia l ly  
responsible f o r  long-term care of h i s  s i t e  f o r  e i t h e r  20 o r  30 years a f t e r  
c losure,  when the s t a t e  then assumes responsibi l i ty .  The S ta te  Waste Management 
fund i s  a l so  used t o  pay f o r  cos ts  of long-term care of a s i t e  occurring a f t e r  
the respons ib i l i ty  of the owner or  operator has ended. 

9 . 2 . 1 . 2 . 9  Kansas 

The s t a t e  of Kansas passed an a c t  i n  1979, t h a t  authorized the establishment 
of fees  f o r  monitoring hazardous waste storage s i t e s ,  paying extraordinary 
c o s t s ,  monitoring a f t e r  s i t e  c losure,  payment of maintenance expenses, and 
repairs  f o r  environmental damage a t  a s i t e .  Kansas a lso requires hazardous 
waste f a c i l i t y  owners or operators t o  s u b m i t  a closure and postclosure care 
plan. Owners o r  operators a re  responsible f o r  care o f  a s i t e  f o r  10 years 
a f t e r  closure.  Kansas requires a trust f u n d  o r  performance bond t o  assure 
compliance with f a c i l i t y  closure and monitoring requirements. In l i e u  o f  a 
trust or  surety bond,  the  s t a t e  will  accept a deposit  by the owner o r  operator 
of cash o r  U.S. Treasury notes t o  t h e  S t a t e  Treasury or t o  an escrow agent 
deemed s a t i s f a c t o r y  by the s t a t e .  

9.2.1.2.10 Maryland 

Maryland hazardous waste regulations require owners t o  demonstrate evidence of 
financial  a b i l i t y  t o  provide closure and postclosure care of a hazardous waste 
management f a c i l i t y .  The owner or operator m u s t  obtain a surety bond i n  an 
amount specif ied by the s t a t e ,  or t r a n s f e r  ownership or  operation of the s i t e  
p r i o r  t o  closure.  The surety bond m u s t  cover any cos ts  of monitoring, maintain­
i n g ,  and closing a f a c i l i t y ,  ensuring the secur i ty  of a f a c i l i t y  a f t e r  i t s  
closure and guaranteeing fu l f i l lment  of a l l  permit requirements. 

9 . 3  	 FINANCIAL ASSURANCES FOR CLQSURE AND POSTCLOSURE CARE OF A LOW-LEVEL 
WASTE SITE 

This section presents the s t a f f ' s  development of technical requirements f o r  
f inancial  assurances f o r  c losure,  s t a b i l i z a t i o n ,  and postclosure observation and 
maintenance a c t i v i t i e s  a t  a low-level waste disposal s i t e .  

9 .3 .1  Introduction 

After a typical low-level waste disposal s i t e  has been f i l l e d  t o  capacity,  the  
s i t e  owner i s  no longer receiving commercial revenues from the rece ip t  and 
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disposal of waste. However, even though he is no longer receiving revenues to 

operate the site, the licensee is still responsible for a variety of the site 

expenses, such as closure, stabilization, and postclosure observation and 
maintenance o f  the site. As discussed earlier, the experiences at LLW and 
other hazardous waste sites serves to indicate that there i s  a strong need for 
a regulatory mechanism to ensure that financial responsibility for closure be 
established at an early stage of site operations, so that sufficient resources 
are available for later closure activities. The staff believes low-level waste 

licenses should demonstrate financial assurances sufficient to provide for the 

full costs of all closure and postclosure care activities. (For a typical

reference near-surface disposal facility, these closure costs are estimated by

the staff to be in the range o f  $1.0 to $3.0 million, in constant 1980 dollars. 
See Appendix Q for a detailed breakout o f  estimated closure costs.) 

9.3.2 Technical Requirements for Financial Assurances for Closure and 

Postclosure 


Short-term financial assurance mechanisms refer to arrangements intended to 

ensure that the licensee is financially responsible for undertaking required

decommissioning, closure!,stabilization, and postclosure activities at a low-

level waste site. In these arrangements, the concept of financial assurances 

does not include any requirements for third party liability coverage for damages 

to people or property resulting from operation of the facilities. Rather, the 

staff is establishing various financial assurance requirements which will ensure 

that the sites are properly closed, stabilized and monitored for up to 100 years.

These activities would include closure and stabilization of the low-level waste 

site according to license requirements and regulations, and be particularly based 

on the site closure and stabilization plan. The need for ensuring financial 

responsibility for closure is based on the realization that a situation might 

occur where financial resources for closure are inadequate, causing the government 

to have to assume responsibility for closure costs. If no financial arrangements

have been made, then the government would have to assume responsibility for the 

costs of closure in the event of licensee default. 


Based on a review of previous experiences!,the staff developed the fol owing

technica requirements for operators of a disposal facility: 


0 	 Each applicant must demonstrate adequate financial resources to 

cover the estimated costs of conducting all licensed activit es over 

the planned life of the project including ensuring that sufficient 

funds will be available to carry out final site closure, postclosure 

care and stabilization activities. 


0 	 Prior to startup of operations, the licensee must obtain a short-term 
financial assurance mechanism found acceptable to the Commission 
that is sufficient at all times to cover all costs o f  closure, and 
postclosure care and must be based on a Commission approved plan for 
site closure and stabilization. 

0 	 The financial assurance mechanism must be full funded prior to the 
start of operation, to provide full assurance regardless o f  whether 
closure occurs as was originally planned, or occurs prematurely. 
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o 	 The shor t - te rm mechanism must be i n  e f f e c t  throughout t h e  opera t i ng  
p e r i o d  o f  t h e  s i t e .  

o 	 The face  va lue  o f  t h e  shor t - te rm f i n a n c i a l  assurances must be a t  
l e a s t  equal t o  t h e  c o s t  est imates submit ted by t h e  l i censee  i n  t h e  
approved p l a n  f o r  s i t e  c losu re  and s t a b i l i z a t i o n .  

o 	 The l i c e n s e e ' s  c o s t  est imates must take  i n t o  cons ide ra t i on  t h e  t o t a l  
cos ts  t h a t  wou?d be i n c u r r e d  i f  an independent c o n t r a c t o r  were h i r e d  
t o  per fo rm t h e  decommissioning and c losu re  a c t i v i t i e s .  

o 	 The l i c e n s e  may use one o r  more f i n a n c i a l  assurance mechanisms t o  
meet these requirements. 

o 	 The f i n a n c i a l  assurance mechanism must be open-ended and cannot be 
cance l l ab le .  

o 	 Proof o f  f o r f e i t u r e  must n o t  be necessary i n  o rde r  t o  c o l l e c t  t h e  
f i n a n c i a l  assurance mechanisms. I f  t h e  l i censee  cannot p rov ide  an 
acceptable f i n a n c i a l  assurance s u b s t i t u t e  w i t h i n  t h e  r e q u i r e d  per iod ,  
then t h e  o r i g i n a l  mechanism w i l l  be au tomat i ca l l y  c o l l e c t e d  p r i o r  t o  
i t s  exp i  r a t i o n .  

o 	 The Commission w i l l  a l l o w  t h e  l i censee  t o  te rm ina te  t h e  f i n a n c i a l  
assurance mechanism a f t e r  a f i n d i n g  t h a t  a l l  l j c e n s e  cond i t i ons  have 
been met. 

o 	 The adequacy o f  t h e  amount o f  funds p rov ided  by t h e  f i n a n c i a l  assurance 
mechanism t o  account f o r  changes i n  i n f l a t i o n ,  s i t e  cond i t i ons ,  and 
technology w i l l  be reviewed annual ly.  

The s t a f f ' s  development o f  these techn ica l  c r i t e r i a  f o r  f i n a n c i a l  assurances 
f o r  c losu re  was based on r e c o g n i t i o n  o f  t h e  importance o f  ba lanc ing  t h e  need t o  
r e q u i r e  s u f f i c i e n t l y  s t r i n g e n t  assurances w i t h  the  economic consequences o f  t h e  
a l t e r n a t i v e .  F o r  example, i n  developing c r i t e r i a  t h a t  t h e  f i n a n c i a l  assurance 
mechanism must be f u l l y  funded p r i o r  t o  s t a r t  up o f  opera t ions ,  t he  s t a f f  a l s o  
considered t h e  l e s s  s t r i n g e n t  approach o f  a l l o w i n g  t h e  funds t o  b u i l d  up over 
t h e  l i f e  o f  t h e  s i t e .  The s t a f f  was aware t h a t  t h i s  second approach would 
have been a l e s s e r  f i n a n c i a l  burden t o  t h e  opera tors ,  s ince  i t  would n o t  
r e q u i r e  them t o  s e t  as ide  a l a r g e  sum o f  c a p i t a l .  ( I n  t h e i r  development o f  
RCRA regu la t i ons ,  t h e  EPA a l s o  noted t h a t  t h e  f u l l y  funded approach p laced a 
t a x  burden on t h e  opera tor ,  because c u r r e n t  t a x  ?aws do no t  a l l o w  t h i s  fund t o  
be considered a deduc t ib le  expense; s ince  no expense occurs i n  a t a x  sense 
u n t i l  t h e  funds a r e  used f o r  c losu re . )  Nevertheless, t h e  s t a f f  a l s o  r e a l i z e d  
t h a t  a l l o w i n g  a c losu re  fund t o  b u i l d  up over t h e  l i f e  o f  t h e  s i t e  cou ld  w e l l  
r e s u l t  i n  having an inadequate fund a v a i l a b l e  i n  t h e  event of premature c losu re  
o f  t h e  s i t e ,  w i t h  t h e  r e s u l t  be ing  t h a t  t h e  taxpayers would then be f i n a n c i a l l y  
respons ib le .  I n  weighing these two e q u i t y  a l t e r n a t i v e s ,  t h e  s t a f f  concluded 
t h a t  t h e  f u l l y  funded approach t o  c losu re  o f f e r e d  t h e  most reasonable assurahce 
t h a t  t h e  l i censee  be f u l l y  respons ib le  f o r  t h e  cos ts  o f  c losure .  
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9.3.3 	 A l t e r n a t i v e  F i n a n c i a l  Assurance Mechanisms f o r  Closure Considered 
by t h e  S t a f f  

There are a v a r i e t y  o f  shor t - term f i n a n c i a l  assurance mechanisms t h a t  cou ld  be 
used by a l ow- leve l  waste operator  t o  assure t h a t  s u f f i c i e n t  funds a re  a v a i l a b l e  
f o r  c losu re  and pos tc losu re  care. Short- term f i n a n c i a l  assurance mechanisms 
considered by t h e  s t a f f  i n c l u d e  t h e  f o l l o w i n g :  

1. 

2. 

3. 

4. 

5. 


6. 

7. 

8. 


9. 

Surety bonds, obta ined from a su re ty  company; 

Escrow arrangements between t h e  bank, t h e  government, and t h e  
1icensee ; 

T r u s t  funds, arranged between the  government, a f i n a n c i a l  i n s t i t u t i o n ,  
and t h e  l icensee;  

C e r t i f i c a t e s  o f  depos i t  t o  a s t a t e  o r  f ede ra l  agency; 

Cash depos i t s  t o  a s t a t e  o r  f ede ra l  agency; 

Deposi ts o f  s e c u r i t i e s  t o  a s t a t e  o r  f ede ra l  agency; 

Secured i n t e r e s t s  i n  the  d isposal  o p e r a t o r ' s  assets; 

L e t t e r s  o f  C r e d i t  from a f i n a n c i a l  i n s t i t u t i o n ;  

Sel f - insurance by t h e  l ow- leve l  waste d isposal  operator ;  

10. F i n a n c i a l  t e s t s  o f  t he  operator  o r  h i s  h o l d i n g  company; 

11. 	 Development o f  a s i n k i n g  fund based on r e c e i p t s  from capac i t y  
surcharges. 

12. Development o f  a c losu re  assurance poo l .  

These types o f  f i n a n c i a l  assurances are standard commerical law arrangements 
be ing used by s t a t e  and fede ra l  government agencies f o r  t h e  chemical waste, 
uranium m i l l i n g ,  l ow- leve l  waste, and sur face coal  min ing i n d u s t r i e s .  The 
s t a f f  cons iders these a l t e r n a t i v e s  t o  be reasonable p o s s i b i l i t i e s  f o r  
cons ide ra t i on  in t h i s  r u l e .  

Each a l t e r n a t i v e  was evaluated based upon a s p e c i f i c  s e t  o f  c r i t e r i a .  The 
pr imary f a c t o r  considered by t h e  s t a f f  i n  e v a l u a t i n g  these a l t e r n a t i v e  
f i n a n c i a l  mechanisms was t h e  degree o f  assurance prov ided by each method t o  
ensure t h a t  funds were a v a i l a b l e  f o r  c losu re  cos ts  a t  t h e  di5posal  s i t e  t o  
p r o v i d e  f o r  a l l  necessary a c t i v i t i e s  t o  p r o t e c t  t h e  p u b l i c ' s  h e a l t h  and 
sa fe ty .  Other c r i t e r i a  considered by the  s t a f f  i nc luded  t h e  f o l l o w i n g :  

o 	 Degree o f  s e c u r i t y  ( o r  l e v e l  o f  d i f f i c u l t y )  i n  o b t a i n i n g  funds i n  
case o f  d e f a u l t .  
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o 	 Amount o f  a d m i n i s t r a t i v e  t ime and expense o f  t h e  r e g u l a t o r y  agency 
r e q u i r e d  t o  implement and moni tor  t h e  f i n a n c i a l  assurance 
mechanisms. 

o Cost o f  u t i l i z i n g  t h e  f i n a n c i a l  assurance mechanism t o  t h e  l icensee.  

The s t a f f ’ s  rev iew o f  t h e  va r ious  f i n a n c i a l  a l t e r n a t i v e s  i s  presented below, 
and discussed i n  g rea te r  d e t a i l  i n  Appendix K. 

9.3.3.1 Surety  Bonds 

A su re ty  bond p rov ides  a cos igner  on an o b l i g a t i o n .  The bond i s  e s s e n t i a l l y  a 
c o n t r a c t  among t h r e e  p a r t i e s ,  whereby t h e  su re ty  company promises t o  t h e  
ob l i gee  ( the  NRC) t h a t  t h e  p r i n c i p a l  ( t he  l icensee)  w i l l  perform s p e c i f i e d  
c l o s u r e  a c t i v i t i e s .  The su re ty  company takes on a p o s s i b l e  l i a b i l i t y  f o r  a 
p r o f i t .  The su re ty  company w i l l  seek some s o r t  o f  c o l l a t e r a l  from t h e  
p r i n c i p a l ,  and the  amount w i l l  vary  depending on t h e  f i n a n c i a l  cond i t i ons  o f  
t h e  p r i n c i p a l  and o the r  f a c t o r s .  The c o s t  o f  a su re ty  bond i s  dependent on 
t h e  type o f  r e q u i r e d  a c t i v i t i e s  covered by t h e  bond, b u t  fees o r  premiums 
genera l l y  range from between 1 .0  and 1.5 pe rcen t  o f  t he  face value o f  t h e  
bond. I f  a l i censee  w i t h  a su re ty  bond were t o  become bankrupt,  then t h e  
bonding company would p rov ide  t h e  amount o f  t h e  su re ty  f o r  a l l  o b l i g a t e d  
c losu re  costs.  

The su re ty  company a l s o  needs t o  have s u f f i c i e n t  assets t o  p rov ide  f o r  p o s s i b l e  
d e f a u l t .  Surety  companies have t h e  o p t i o n  o f  f i l i n g  w i t h  t h e  U.S. Treasury, 
which se ts  l i m i t s  on t h e  face values o f  bonds. Since f i l i n g  w i t h  t h e  Treasury 
prov ides a form o f  c e r t i f i c a t i o n ,  t h e  Commission s t a f f  f e e l s  t h a t  su re ty  bonds 
should o n l y  be accepted f o r  t h e  purposes o f  10 CFR P a r t  61 i f  they are on the  
l i s t  o f  accepted companies l i s t e d  i n  t h e  Treasury Department’s C i r c u l a r  #570, 
e n t i t l e d  “Surety Companies Acceptable on Federal Bonds”, and o n l y  f o r  an 
amount t h a t  i s  w i t h i n  t h e  company’s s i n g l e  p o l i c y  l i m i t a t i o n  as i d e n t i f i e d .  

Surety companies a re  g e n e r a l l y  r e g u l a t e d  by s t a t e  laws t h a t  a r e  designed t o  
ensure t h a t  t h e  s u r e t y  company i s  so l ven t  and has assets o f  a c e r t a i n  minimum 
amount. A d d i t i o n a l l y ,  s t a t e  r e g u l a t i o n  o f  s u r e t i e s  i nvo l ves  assessments o f  
f i n a n c i a l  management p r a c t i c e s ,  i n c l u d i n g  examination o f  whether t h e  s u r e t i e s  
a re  d i v e r s i f i e d  i n  t h e i r  l i n e s  o f  c r e d i t .  Th i s  rev iew by s t a t e  agencies, as 
w e l l  as t h e  review conducted by the Treasury Department p r i o r  t o  issuance o f  
C i r c u l a r  #570 g i v e  t h e  r e g u l a t o r y  agency concerned w i t h  c losu re  o f  t he  s i t e  
a d d i t i o n a l  conf idence t h a t  t h e  su re ty  company w i l l  be capable o f  pay ing i n  t h e  
event o f  d e f a u l t  by t h e  l icensee.  

The agency’s a d m i n i s t r a t i v e  e f f o r t  i n  mon i to r i ng  a su re ty  bond f o r  t h e  r e g u l a t o r y  
agency would n o t  be s i g n i f i c a n t .  The r e g u l a t o r y  agency would o n l y  have t o  
p e r i o d i c a l l y  rev iew t h e  amount o f  t h e  su re ty  bond, t o  determine t h a t  t h e r e  
were s u f f i c i e n t  resources t o  p rov ide  f o r  changes i n  i n f l a t i o n ,  o r  s i t e  cond i t i ons .  

A major problem w i t h  s u r e t y  bonds i s  t h e i r  a v a i l a b i l i t y .  S t a f f  d iscussions 
w i t h  su re ty  company o f f i c i a l s  i n d i c a t e d  t h a t  t h e r e  may n o t  be any companies 
w i l l i n g  t o  p rov ide  s u r e t y  bonds because o f  t h e i r  open-ended nature and t h e  
p o t e n t i a l l y  l o n g  t ime per iod.  However, s t a f f  decided t o  recommend the  use o f  
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a su re ty  bond f o r  a f i n a n c i a l  assurance mechanism because t h e  bonds may be 
a v a i l a b l e  i n  t h e  f u t u r e .  

9.3.3.2 Cash Deposi ts i n t o  a Government Account 

A cash depos i t  i s  another method o f  assur ing  f i n a n c i a l  r e s p o n s i b i l i t y  f o r  
c losure .  An amount a t  l e a s t  equal t o  t h e  est imated c o s t  o f  c losu re  i s  deposi ted 
i n t o  a spec ia l  account t h a t  cou ld  be h e l d  by a s t a t e  o r  f ede ra l  government 
agency. Use o f  t h e  funds i n  t h i s  account would be r e s t r i c t e d  t o  cover ing  t h e  
cos ts  o f  c losu re  and s t a b i l i z a t i o n  o f  t h e  s i t e .  I f  t h e  opera tor  were t o  
d e f a u l t ,  then  t h e  s t a t e  o r  federa l  government cou ld  wi thdraw t h e  funds from 
t h e  spec ia l  account and arrange f o r  t h e  necessary c losu re  work t o  be completed 
a t  t h e  s i t e .  The funds would have t o  be p u t  i n t o  an earmarked fund and n o t  
deposi ted i n t o  t h e  general t reasu ry  so t h a t  t h e  funds a r e  s p e c i f i c a l l y  r e t a i n e d  
t o  p rov ide  f o r  t h e  purpose they  were in tended f o r .  The funds should a l s o  be 
inves ted  i n  a prudent  manner so t h a t  t h e  face va lue increases t o  keep pace 
w i t h  changes i n  i n f l a t i o n .  

The s t a f f  cons iders t h a t  use o f  a cash depos i t  by a l i censee  as a f i n a n c i a l  
assurance mechanism f o r  c losu re  would be a secure method o f  ensur ing t h a t  
funds were a v a i l a b l e  f o r  c losure.  However, t h i s  method would r e s u l t  i n  a 
l a r g e  l o s s  o f  p roduc t i ve  assets o f  t h e  l i censee,  as he would have t o  p u t  up 
t h e  f u l l  face va lue  o f  t h e  cos ts  o f  c losure.  Th is  method would a l s o  e n t a i l  
some degree o f  a d m i n i s t r a t i v e  r e s p o n s i b i l i t y  by t h e  r e g u l a t o r y  agency. The 
agency s t a f f  would have t o  p e r i o d i c a l l y  examine t h e  amount i n  the  spec ia l  fund 
i n  o rder  t o  ensure t h a t  t h e  funds were i nves ted  p roper l y ,  and t h a t  they were 
keeping pace w i t h  in f  1a t i  on. 

9.3.3.3 Escrow Accounts 

An escrow account can a l so  be used t o  assure funds f o r  c losu re  and f o r  decom­
miss ion ing.  Under such an agreement, cash o r  marketable s e c u r i t i e s  i n  an 
amount equal t o  o r  g rea te r  than t h e  est imated cos ts  o f  c losu re  a re  deposi ted 
i n t o  a spec ia l  account he ld  by a f i n a n c i a l  i n s t i t u t i o n .  An escrow account 
serves as a receptac le  f o r  t h e  depos i t  o f  goods o r  p roper t y  u n t i l  such t ime as 
t h e  l i censee  completes the  requ i red  c losu re  a c t i v i t i e s .  The i n s t i t u t i o n  
h o l d i n g  t h e  assets i s  t h e  depos i to ry  and an escrow agreement i s  necessary t o  
s e t  o u t  t h e  terms and cond i t i ons  by which t h e  ma te r ia l s  can pass t o  e i t h e r  
p a r t y .  

Deposi tors  however, a re  n o t  t rus tees .  An escrow agreement invo lves  a b i n d i n g  
agreement w i t h  terms and cond i t i ons  s p e c i f y i n g  t h a t  upon f a i l u r e  o f  t h e  
l i censee t o  meet t h e  p resc r ibed  c losu re  a c t i v i t i e s ,  t h e  f i x e d  amount necessary 
f o r  a l l  c l osu re  a c t i v i t i e s  h e l d  i n  escrow would pass t o  t h e  appropr ia te  s t a t e  
o r  federa l  government agency. Conversely, upon a f i n d i n g  t h a t  c losu re  had been 
s a t i s f a c t o r i l y  conducted, t h e  escrow agreement would be te rmina ted  and t h e  
amount i n  t h e  escrow re tu rned  t o  t h e  l icensee.  

Genera l ly ,  a d m i n i s t r a t i v e  fees a re  charged f o r  t h e  management o f  an escrow 
account and w i l l  vary  depending on t h e  degree o f  a c t i v i t i e s ,  n o t  on t h e  amount 
of funds. One o f  t h e  b i g  d i f f e rences  between a t r u s t  and an escrow account 
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occurs because a bank managing an escrow account g e n e r a l l y  w i l l  o n l y  perform 
those a c t i v i t i e s  s p e c i f i e d  i n  t h e  agreement. As w i t h  a l l  o the r  types o f  
f i n a n c i a l  assurance arrangements, t he  types o f  investments made by t h e  super­
v i s o r y  personal  o f  t he  escrow would e n t a i l  some a d m i n i s t r a t i v e  c o s t  t o  t h e  
r e g u l a t o r y  agency, i n  order  f o r  them t o  be assured t h a t  t h e  funds were keeping 
pace w i t h  i n f l a t i o n .  However, t h e r e  would be l i t t l e  problem w i t h  asset 
v a l u a t i o n  f o r  t h e  r e g u l a t o r y  agency, s ince t h e  f i n a n c i a l  i n s t i t u t i o n  would 
take t h a t  respons ib i1 ity. 

9.3.3.4 T r u s t  Funds 

A t r u s t  fund i s  a mechanism f o r  h o l d i n g  p roper t y  and app ly ing  i t  o r  income 
f r o m  i t  t o  a p a r t i c u l a r  purpose. The concept o f  us ing  a t r u s t  fund t o  p rov ide  
f o r  f i n a n c i a l  assurances f o r  c l o s i n g  a waste d isposal  f a c i l i t y  i s  n o t  new. I n  
1980, a t r u s t  fund t o  p rov ide  f o r  decommissioning and c losu re  cos ts  was 
proposed by Chem-Nuclear Systems, Inc . ,  f o r  t h e i r  Barnwel l ,  South Caro l i na  LLW 
disposal  s i t e .  The RCRA f i n a n c i a l  requirements be ing developed by t h e  U.S. 
Environmental P r o t e c t i o n  Agency f o r  hazardous waste s i t e s  have a l s o  recognized 
the  t r u s t  mechanism as an acceptable type o f  f i n a n c i a l  assurance f o r  c losure.  

A t r u s t  fund i s  a f i n a n c i a l  arrangement whereby one p a r t y  holds and may even 
manage funds o r  p r o p e r t y  f o r  t h e  b e n e f i t  o f  another. I n  t h i s  case, t h e  
b e n e f i c i a r y  o f  t he  t r u s t  fund would be t h e  s t a t e  o r  f ede ra l  government. The 
t r u s t e e  o f  t he  c losu re  t r u s t  would be a bank o r  f i n a n c i a l  i n s t i t u t i o n .  The 
terms o f  t he  t r u s t  would d e f i n e  the  investment r e s p o n s i b i l i t i e s  o f  t h e  t r u s t .  
The t r u s t e e  has possession o f  t h e  p roper t y ,  o r  funds p laced i n  t r u s t  by t h e  
p a r t y  who created t h e  t r u s t  ( i n  t h i s  case, t h e  s t a t e  o r  f ede ra l  government). 
The t r u s t e e  i s  s a i d  t o  have t h e  l e g a l  i n t e r e s t  i n  t h e  fund s ince he has c o n t r o l  
over it, can sue t o  p r o t e c t  it, and i s  responsib le  f o r  i t s  p rese rva t i on .  The 
b e n e f i c i a r y  cannot use the  t r u s t  funds, b u t  i s  e n t i t l e d  t o  those b e n e f i t s ,  
(such as income) de r i ved  from t h e  t r u s t ,  and in tended f o r  him under t h e  terms 
o f  t h e  t r u s t .  The t r u s t e e s  a re  under a f i d u c i a r y  duty  t o  comply w i t h  t h e  
terms o f  t h e  t r u s t ,  and unless the  t r u s t  prov ides otherwise, are l i a b l e  f o r  
breaches o f  t h i s  duty.  

A t r u s t  fund can c o n t a i n  more than j u s t  cash.. Proper ty  such as s e c u r i t i e s  o r  
government notes can be p laced i n  t r u s t s .  However, i f  cash s u b s t i t u t e s  a re  
a l lowed w i t h i n  t h e  framework o f  t r u s t s ,  then t h e  f u n c t i o n  and o b l i g a t i o n  o f  
t he  t r u s t e e  must be redef ined,  and they may p o s s i b l y  charge more f o r  t h e i r  
serv ices.  I f  o the r  types o f  assets are al lowed, t h e  t r u s t  would have t o  agree 
t o  pay the  NRC o r  some o the r  fede ra l  agency a s t i p u l a t e d  cash amount. Addi­
t i o n a l l y ,  i f  assets o the r  than cash a re  deposi ted i n t o  t h e  t r u s t  fund, i t  may 
be necessary f o r  t he  t r u s t e e  t o  buy and s e l l  s e c u r i t i e s  w i t h  t h e  approval o f  
t he  r e g u l a t o r y  s t a f f ,  o r  take o t h e r  steps t o  manage t h e  assets i n  o rde r  t o  
maximize t h e i r  value. However, unless s p e c i f i e d  i n  t h e  terms o f  t h e  t r u s t ,  a 
t r u s t e e  u s u a l l y  must i n v e s t  under a reasonably prudent i n v e s t o r  standard as 
de f i ned  by s t a t u t e  o r  case law o f  t h e  j u r i s d i c t i o n  where t h e  t r u s t  i s  located. 
The t r u s t e e  has a f i d u c i a r y  o b l i g a t i o n  t o  honor t h e  terms o f  t h e  t r u s t ,  and 
t h i s  standard o f  f i d u c i a r y  du ty  i s  so s t r i c t  t h a t  most t rus tees  w i l l  o n l y  
accept c a r e f u l l y  de f i ned  r e s p o n s i b i l i t i e s .  

Trustee fees may be r e l a t i v e l y  constant,  b u t  a re  normal ly  de f i ned  as a 
percentage o f  income; g e n e r a l l y  t r u s t e e  funds may range from between l% and 2% 
annual ly  o f  t h e  amount t o  be managed i n  t h e  t r u s t .  
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T r u s t  funds p rov ide  a h i g h  degree o f  s e c u r i t y  t h a t  funds w i l l  be a v a i l a b l e  f o r  
c losu re .  They a l s o  do n o t  p lace  a s i g n i f i c a n t  a d m i n i s t r a t i v e  burden on t h e  
r e g u l a t o r y  s t a f f .  Th i s  form o f  f i n a n c i a l  assurance mechanism a l s o  prov ides a 
p roduc t i ve  use o f  assets,  as t h e  monies i n  th'e t r u s t  fund a re  managed by 
f i d u c i a r i e s  w i t h  e x p e r t i s e  i n  i n v e s t i n g .  

9.3.3.5 C e r t i f i c a t e s  o f  Deposi t  

Another f i n a n c i a l  assurance mechanism t h a t  t h e  s t a f f  reviewed f o r  assur ing 
c l o s u r e  a c t i v i t i e s  a t  a low- level  waste d isposal  s i t e  i s  C e r t i f i c a t e s  o f  
Deposi t  (CDs). General ly,  CDs may be issued by any bank. Cash o r  s e c u r i t i e s  
a re  deposi ted by t h e  s i t e  owner w i t h  t h e  bank, and a c e r t i f i c a t e  i s  issued, 
made payable t o  a government agency. Only t h e  government agency cou ld  cash 
t h e  c e r t i f i c a t e s .  The CD would then be cashed by t h e  r e g u l a t o r y  agency i f  the  
operator  was unable t o  complete decommissioning and c losu re  a c t i v i t i e s .  
Again, as w i t h  a l l  forms o f  f i n a n c i a l  assurance, t he  CD would be adjusted over 
t ime  t o  r e f l e c t  i n f l a t i o n .  A t  t h e  end o f  operat ions,  i f  the  operator  s a t i s ­
f a c t o r i l y  c losed  t h e  s i t e ,  then t h e  government agency would r e t u r n  the  CD t o  
t h e  s i t e  operator .  

A CD prov ides a h i g h  degree o f  s e c u r i t y  t h a t  s u f f i c i e n t  funds w i l l  be a v a i l a b l e  
f o r  c losu re  a c t i v i t i e s .  C e r t i f i c a t e s  a re  a f i n a n c i a l  assurance mechanism t h a t  
requ i res  l i t t l e  e f f o r t  by the  r e g u l a t o r y  agency s t a f f  except t o  p e r i o d i c a l l y  
moni tor  t he  CD t o  ensure t h a t  t h e  face amount i s  ad jus ted  t o  r e f l e c t  changes i n  
i n f l a t i o n ,  technology, and s i t e  cond i t i ons .  

9 . 3 . 3 . 6  Deposi ts o f  S e c u r i t i e s  

Using t h i s  f i n a n c i a l  assurance mechanism, the  l i censee  would be responsib le  
f o r  d e p o s i t i n g  s e c u r i t i e s  t o  t h e  approp r ia te  government agency w i t h  a face 
va lue equal t o  o r  g rea te r  than t h e  h ighes t  c o s t  of c losu re  a t  t h e  s i t e .  
T h e o r e t i c a l l y ,  t h e  s e c u r i t i e s  c o u l d  be o f  several  d i f f e r e n t  types, i n c l u d i n g  
long-term U.S. bonds, munic ipa l  bonds, o r  corporate s e c u r i t i e s .  Th is  mechanism 
cou ld  p lace  a s i g n i f i c a n t  a d m i n i s t r a t i v e  burden on t h e  r e g u l a t o r y  s t a f f  because 
they would have t o  moni tor  and rev iew t h e  s e c u r i t i e s  t o  ensure t h a t  i n f l a t i o n  
was n o t  eroding t h e  va lue of these s e c u r i t i e s .  The s t a f f  p lans t o  p rov ide  
f u r t h e r  guidance on t h e  types of acceptable s e c u r i t i e s  i n  a r e g u l a t o r y  guide t o  
be pub l i shed  l a t e r .  

9 . 3 . 3 . 7  	 Pledges of S e c u r i t i e s  and Liens Against  Property o f  t h e  Operator 
(Secured Assets) 

These f i n a n c i a l  assurance mechanisms a r e  s i m i l a r  t o  se l f - i nsu rance ,  except 
t h a t  t h e  l i censee  pledges c e r t a i n  assets which c o u l d  be used by t h e  Commission 
t o  perform c losu re  a c t i v i t i e s  i n  t h e  event o f  l i censee  d e f a u l t .  

A secured i n t e r e s t  i s  an i n t e r e s t  i n  personal  p r o p e r t y  o r  f i x t u r e s  o f  t h e  
operator  t h a t  g ives t o  t h e  ho lde r  of the i n t e r e s t ,  r i g h t s  t o  possession of t he  
p r o p e r t y  t o  ensure payment of an o b l i g a t i o n .  A secured i n t e r e s t  payable t o  a 
government agency g ives t h a t  government agency the  r i g h t ,  i n  t h e  event o f  
d e f a u l t  by an operator ,  t o  take possesion o f  t h e  assets i t  has an i n t e r e s t  i n ,  
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and s e l l  them in s a t i s f a c t i o n  of the claim. In most cases where a secured-
i n t e r e s t  has been properly created,  the holder of the i n t e r e s t s  has f i r s t  
claim or  p r i o r i t y  over these a s s e t s  i n  the event of l icensee bankruptcy. 

Secured i n t e r e s t s  have the par t icu lar  advantage t o  the operator of involving 
few additional expenses. The only costs  involved would be those legal cos ts  
associated w i t h  preparing the documents. However t h i s  f inancial  assurance 
mechanism poses s ign i f icant  disadvantages f o r  the regulatory agency. From a 
regulatory standpoint,  the  use of secured asse ts  does n o t  o f f e r  as s t r ingent  a 
degree of protection i n  the  event of l icensee defaul t .  Substantial  problems 
wil l  occur i f  the government m u s t  obtain a s s e t s  in the event of defaul t .  
Other c red i tors  may place a l i e n  on the company's a s s e t s ,  and the legal process 
may considerably del ay recovery of the a s s e t s ,  t h u s  necessi t a t i  ng 1egal 
proceedings. Another regulatory disadvantage of t h i s  f inancial  assurance 
mechanism is  the amount of time necessary f o r  administration. 

T h e  regulatory s t a f f  would have t o  spend a s ign i f icant  amount of time evaluating 
the asse ts  of the operator,  and t h i s  review would have t o  be done on a periodic 
basis i n  order t o  account f o r  changes in  i n f l a t i o n ,  depreciation, e t c .  And 
f i n a l l y ,  i f  the  government did receive t i t l e  t o  the asse ts  of the  operator in 
the event o f  l icensee defaul t ,  the  government would have t o  undertake the task 
of disposing of the secured asse ts .  

An Environmental Protection Agency review of t h i s  f inancial  assurance mechanism 
has a l so  found t h a t  l i e n s  suf fer  from an uncertain s t a t u s  in the event of 
f i nanci a1 f a i  1ure of the operator. 

9 .3 .3 .8  Letters of Credit  

Let ters  of c r e d i t  a r e  another short-term financial  assurance mechanism 
investigated by the s t a f f  f o r  the purposes of ensuring t h a t  s u f f i c i e n t  funds 
a re  avai lable  f o r  closure and postclosure care.  The operator would apply t o  a 
bank f o r  the  issuance of a l e t t e r  of c r e d i t  t h a t  commits the  bank t o  pay the 
beneficiary ( the  s t a t e  o r  federal  government) i f  the l e t t e r  of c r e d i t  comes 
due. A l e t t e r  of c r e d i t  consis ts  of a bank's document wri t ten on behalf of 
the operator t h a t  would give the government agency the r i g h t  t o  draw funds 
from the issuing bank upon the presentation of papers in  accordance with the 
l e t t e r s  of c r e d i t .  The guidelines f o r  a l e t t e r  of c r e d i t  a r e  found in the 
U.S. Treasury regulations.  A national bank can issue l e t t e r s  of c r e d i t  
permissible under the Uniform Commercial Code on behalf of i t s  customers. 

An acceptable l e t t e r  of c r e d i t  f o r  the purposes of t h i s  regulation would be t o  
specify the NRC or  some other governmental agency as the  party who may draw 
upon the fund i n  the amount of the most recent closure care estimate required 
t o  be made by the regulations.  The l e t t e r  of c r e d i t  should specify t h a t  the 
regulatory agency can draw upon the funds behind the l e t t e r  o f  c r e d i t ,  following 
the finding of a violat ion of the closure requirements. 

Fees f o r  issuing a l e t t e r  of c r e d i t  a r e  generally lower than those f o r  t r u s t s  
o r  bonds. The cost  of  a l e t t e r  of c r e d i t  i s  based on the face value of the 
amount. This financial  assurance mechanism i s  advantageous t o  the regulatory 
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agency because i t  requ i res  o n l y  a minimal amount o f  t ime t o  admin is ter .  There 
i s  a l s o  no problem o f  having t o  evaluate assets,  s ince  t h i s  a c t i v i t y  i s  performed 
by t h e  bank. 

9.3.3.9 Sel f - Insurance by the  Operator 

As used i n  t h i s  ana lys i s ,  se l f - i nsu rance  r e f e r s  t o  an arrangement whereby the  
operator  agrees t o  perform a l l  c l osu re  and pos tc losu re  a c t i v i t i e s ,  and t o  
f inance t h e  a c t i v i t i e s  o u t  of h i s  own resources, such as cash working c a p i t a l .  
I n  e f f e c t ,  i t  i s  an a l t e r n a t i v e  i n v o l v i n g  no a d d i t i o n a l  assurances o the r  than 
t h e  l i c e n s e e ' s  l e g a l  o b l i g a t i o n  t o  per form c l o s u r e  a c t i v i t i e s  r e q u i r e d  by the  
r e g u l a t i o n  and as a c o n d i t i o n  o f  l i cense .  The l e g a l  o b l i g a t i o n  w i l l  e x i s t  
regard less o f  any separate c o n t r a c t  o r  lease. 

The main problem f o r  a r e g u l a t o r y  agency contemplat ing se l f - i nsu rance  f o r  a 
f i n a n c i a l  assurance mechanism i s  t h a t  t h e r e  i s  no guarantee t h a t  t h e  l i censee  
w i l l  a c t u a l l y  per form t h e  c losu re  a c t i v i t i e s .  The l i censee  may n o t  have 
s u f f i c i e n t  funds t o  meet t h e i r  l i c e n s e  r e s p o n s i b i l i t i e s  and i f  t h i s  i s  t h e  
case, t h e r e  i s  no spec ia l  leverage t h a t  t h e  r e g u l a t o r y  agency can use t o  
o b t a i n  the  funds from the  l icensee.  I n  case o f  d e f a u l t ,  t h e  government agency 
would have t o  o b t a i n  a l e g a l  judgment based on i t s  l i c e n s e  c o n t r a c t  w i t h  the 
l i censee ,  and then would have t o  execute i t s  judgment i f  the  operator  has 
assets o u t  o f  which t h e  judgment can be s a t i s f i e d .  This  approach prov ides no 
assurances t h a t  s u f f i c i e n t  funds w i l l  be a v a i l a b l e  f o r  c losu re .  

9.3 .3 .10  F i n a n c i a l  Tests 

F i n a n c i a l  t e s t s  are another v a r i a t i o n  on se l f - insurance,  which have been used 
as a f i n a n c i a l  assurance mechanism by several  o the r  s t a t e  and f e d e r a l  r e g u l a t o r y  
agencies. A f i n a n c i a l  t e s t  i nvo l ves  having t h e  regulato. ry  agency develop a 
s e t  o f  c r i t e r i a  which shows t h a t  a l i censee  has s u f f i c i e n t  unencumbered assets. 
The assets are n o t  pledged o r  r e t a i n e d  f o r  c losu re .  Rather f i n a n c i a l  t e s t s  
would enable the  Commission t o  moni tor  t h e  f i n a n c i a l  h e a l t h  o f  t he  l i c e n s e e ' s  
operat ions,  and i n  the  event o f  a d e t e r i o r a t i n g  f i n a n c i a l  c o n d i t i o n ,  t h e  l i censee  
would be r e q u i r e d  t o  e s t a b l i s h  another method o f  f i n a n c i a l  assurance. 

There a re  a v a r i e t y  o f  f i n a n c i a l  t e s t s  which cou ld  be used by r e g u l a t o r y  s t a f f  
t o  a s c e r t a i n  t h a t  t h e  l i censee  has s u f f i c i e n t  f i n a n c i a l  hea l th :  n e t  working 
c a p i t a l ,  ne t  worth,  a rev iew o f  t he  t o t a l  l i a b i l i t y  t o  n e t  wor th r a t i o ,  c u r r e n t  
o r  q u i c k  r a t i o ,  and t h e  age o f  t h e  f i r m .  The reader i s  r e f e r r e d  t o  Appendix K 
o f  t h e  E I S  f o r  a d e s c r i p t i o n  o f  these f i n a n c i a l  t e s t s .  

Whi le advantageous t o  the operator ,  t he  use o f  f i n a n c i a l  t e s t s  prov ides no 
degree o f  f i n a n c i a l  assurance t h a t  t h e  l i censee  w i l l  have s u f f i c i e n t  
unencumbered assets t o  p rov ide  f o r  c losure.  A d d i t i o n a l l y ,  t h e  use o f  f i n a n c i a l  
t e s t s  i nvo l ves  an i n o r d i n a t e  amount o f  a d m i n i s t r a t i v e  t ime and e f f o r t  by t h e  
r e g u l a t o r y  s t a f f ,  who must p e r i o d i c a l l y  rev iew t h e  f i n a n c i a l  i n f o r m a t i o n  t o  
v e r i f y  t h a t  t he  operator  has s u f f i c i e n t  assets t o  p rov ide  f o r  c losu re  o f  t h e  
s i t e .  
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9.3.3.11 No F inanc ia l  Assurance Requirements f o r  Closure and Postclosure 

nother  r e g u l a t o r y  a l t e r n a t i v e  f o r  shor t - term care would be f o r  t he  r e g u l a t o r y  
agency t o  n o t  e s t a b l i s h  any funding requirement on waste l icensees f o r  f i n a n c i a l  
r e s p o n s i b i l i t y  f o r  c losure.  With such a scenar io,  t he  c u s t o d i a l  care r e g u l a t o r y  
agency o r  t he  s i t e  owner cou ld  be responsib le  f o r  a l l  costs  i n c u r r e d  d u r i n g  
c losu re  and postc losure.  A d d i t i o n a l l y ,  t h e  s t a f f  d i d  n o t  consider t h i s  
a l t e r n a t i v e  f o r  long-term care, s ince some form o f  f i n a n c i a l  assurance f o r  
c l o s u r e  and long-term care are a l ready being implemented a t  e x i s t i n g  LLW 
d isposal  s i t e s .  The Commission s t a f f  has a l s o  rece ived  comments on t h e  need 
t o  e s t a b l i s h  f i n a n c i a l  r e s p o n s i b i l i t y  f o r  shor t - term c losu re  and pos tc losu re  
care a c t i v i t i e s  o f  l ow- leve l  waste s i t e s .  

ased on these f i n d i n g s ,  t h e  s t a f f  has determined t h a t  a r e g u l a t o r y  approach 
o f  n o t  r e q u i r i n g  shor t - term f i n a n c i a l  assurances f o r  c losu re  o f  a s i t e  i s  n o t  
acceptable. 

9.3.3.12 Other Short-Term Sure t i es  

-3.3.12.1 	Imposing a Surcharge on Waste Generators and Deposi t ing Funds 
i n t o  a S i n k i n g  Fund 

I n  t h e  pas t ,  s t a t e  r e g u l a t o r y  a u t h o r i t i e s  have f r e q u e n t l y  r e q u i r e d  operators  
o f  l ow- leve l  waste d isposal  s i t e s  t o  impose a surcharge on a cubic  f o o t  o r  
meter bas i s  on t h e  s i t e ' s  users, t o  recover some degree o f  c losu re  and post -
c l o s u r e  expenses. I n  a p e t i t i o n  f o r  rulemaking, t he  Natura l  Resources Defense 
Counci l  a l s o  requested t h a t  a surcharge on a capac i t y  bas i s  be imposed on 
users o f  d isposal  s i t e s .  The s t a f f  recognizes t h e  m e r i t  o f  such an approach 
from a r e g u l a t o r y  s tandpoint .  The use o f  a surcharge deposi ted i n t o  a s i n k i n g  
fund has been used as a c o l l e c t i o n  method by several  s t a t e  r e g u l a t o r y  agencies. 
The use o f  a surcharge a l s o  i s  an e q u i t a b l e  system o f  p r o v i d i n g  f o r  c losu re  
costs ,  because t h e  r e s p o n s i b i l i t y  f o r  these costs  i s  borne by the  waste 
generators who use t h e  waste d isposal  se rv i ce .  Nevertheless, t h e r e  a re  several  
problems w i t h  t h e  use o f  t h i s  f i n a n c i a l  assurance mechanism. F l ' rs t ,  a s i n k i n g  
fund b u i l d s  up funds g r a d u a l l y  over t h e  l i f e  o f  t he  s i t e ,  and t h e r e f o r e ,  t h e  
fund w i l l  n o t  have s u f f i c i e n t  assets d u r i n g  the  e a r l y  p o r t i o n  o f  i t s  i n c e p t i o n  
t o  account f o r  t h e  f u l l  cos ts  o f  c losure.  Such a mechanism would n o t  guarantee 
t h a t  t h e  f u l l  cos ts  o f  c losu re  were a v a i l a b l e  a t  a l l  t imes t o  account f o r  
c losure.  (This problem cou ld  p o s s i b l y  be a l l e v i a t e d  by s imultaneously r e q u i r i n g  
another f i n a n c i a l  assurance mechanism on t h e  balance o f  t h e  c losu re  funds.) A 
second reason why t h i s  f i n a n c i a l  assurance mechanism i s  n o t  app rop r ia te  i s  
because t h e  NRC c u r r e n t l y  lacks the  s t a t u t o r y  a u t h o r i t y  t o  r e q u i r e  a surcharge 
o r  a fee pe r  u n i t  volume o f  waste. Establ ishment o f  an earmarked fund would 
a l s o  r e q u i r e  Congressional a u t h o r i z a t i o n .  I n  1978, the  NRC s t a f f  responded t o  
a p e t i t i o n  f o r  rulemaking by t h e  Natura l  Resources 5efense Counci l ,  t h a t  c a l l e d  

RC establ ishment o f  a spec ia l  fund based upon a cubic  f o o t  surcharge. I n  
t h e i r  response t o  t h e  p e t i t i o n ,  t h e  s t a f f  noted t h a t  a f e d e r a l l y  mandated fee 
pe r  u n i t  volume o f  waste t h a t  i s  n o t  a p roduc t  o f  t h e  l and lo rd / tenan t  c o n t r a c t  

a lease)(i.@., would be, i n  essence, a t a x  t h a t  r e q u i r e s  l e g i s l a t i v e  enactment. 
Based on land lo rd / tenan t  ( s t a t e  o r  f ede ra l  government/site operator)  con t rac ts  
au tho r i zed  by s t a t e  law, t h e  s t a t e s  c o n t a i n i n g  commercial b u r i a l  s i t e s  have 
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collected disposal fees from the site operator on a capacity basis. However, 

for the reasons stated above, a financial assurance requirement consisting of a 

surcharge as a means of collection cannot be imposed at the federal level. 


9.3.3.12.2 Closure Pool 


Another possible variation for assuring adequate financial funds for closure 

involves the development of a pool of closure assurance funds. Disposal

facility operators (and possibly, operators of other fuel cycle facilities)

would make payments to such a fund. An independent "Closure Assurance Agency''

would be chartered to retain and invest the funds, and perhaps oversee activities 

and disperse payments to those conducting the activities. The pooling of 

funds into such a shared risk centralized agency could help to ensure closure 

even if a particular facility operator defaults. The agency would act in a 

fiduciary capacity for the public. Payments and interest received by the 

stewardship entity would possibly be exempt from federal income taxes, because 

the entity would be a creation of the U.S. or a state government and an exempt

scientific entity. 


The pool would be obligated to pay for closure of a site if the operator
defaulted on performance o f  required closure activities. However, setting the 
appropriate premiums would be difficult, since the pool administrator would 
have t o  estimate the likelihood of nonperformance or partial performance, and 
then calculate the magnitude of the fund required to complete the closure. 
Such a pool would probably have to be established by the federal government
and would require Congressional action. 

9 . 3 . 4  	 Conclusions and Financial Assurance Mechanisms for Closure and Postclosure 
Found Acceptable by the Staff 

Given the past history at some of the existing disposal sites, one of the key 
concerns is assurance of adequate financial qualification on the part of the 
applicant to construct and operate the disposal facility and to provide adequate
financial provisions for disposal site closure and postoperational activities. 
The staff believes the applicant should be financially qualified to conduct all 
license activities during the construction and operational phases of the land 
disposal facility. Proof of the financial qualifications of applicants is not 
currently required by Parts 30 and 40. This new requirement will help assure 
that resources are not expended on projects without adequate backing. This 
requirement should minimize the potential for early default or the abandonment 
of the site by the operator. 

Given the past history, the staff also concluded that the facility operator
should provide financial assurances for closure and postclosure care. A 
requirement for financial assurance for closure can be viewed as a type of 
financial guarantee to ensure that in the event of operator default, there are 
funds available for closure. The NRC received evidence of a great deal of 
public interest concerning the issue o f  financial responsibility for closure 
of a disposal site. Numerous written comments were made on this portion of 
the draft regulation, and the issue was also raised at all four workshops held 
to review this regulation. Many commenters felt that the licensee should be 
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held responsible for the full costs of closure of a disposal site and that the 

license should not be terminated and the land returned to the custodial 

government authority until the licensee has completed satisfactory closure. 


The amount of surety liability required should be based on cost estimates 

submitted by the licensee in an approved plan for disposal site closure and 

stabilization. The applicant must submit a cost estimate for disposal site 

closure that includes consideration of inflation, increases in the amount of 

disturbed land, and the closure and stabilization activities that have already

occurred at the disposal site. 


Based on the review of the alternative financial assurance mechanisms, the 
staff found a variety of financial assurance mechanisms acceptable. The 
decision to select specific alternatives was based on the degree to which the 
various mechanisms conformed to the technical requirements previously listed 
in this chapter. Additionally, consideration was given to the views and 
experiences of other regulatory agency staff with experience i n administering
these various financial assurance mechanisms. 

The staff concluded that a number of financial assurance mechanisms exist that 
will provide adequate public protection to ensure that funds for closure and 
postclosure exist in the event that the site operator defaults o r  unforeseen 
site conditions require early closure of the site. The alternatives that the 
staff finds acceptable on a generic basis for a disposal facility licensee 
are: 

surety bonds 

trust funds 

escrow arrangements

cash deposits

certificates of deposit

deposits of government securities 

i rrevocable 1etters of credit 

combinations of the above 


These alternatives were all found to be acceptable by the staff because they
didn't impose a significant economic burden on the license, they didn't impose 
an administrative burden on the staff, and yet they each could be structured 
to ensure a high degree of confidence that funds would be available to ensure 
proper closure. The staff also has concluded that approving a range of 
satisfactory financial assurance alternatives allows the operator flexibility
in selecting the mechanism that best suits his needs. While the other 
financial assurance mechanisms discussed earlier may be acceptable in certain 
isolated cases, they are not acceptable to the staff on a generic basis. 
Plans for alternative financial assurance mechanisms not discussed here would 
be evaluated and approved by the staff on a case-by-case basis. The costs for 
short-term financial assurances have been included as part of the costs for 
the reference facility described in Apppendix E .  
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9.4 

9.4.1 Introduction 

Based on a review of the operating history at existing LLW disposal sites, the 
the staff finds that financial responsibility for long-term care (active
institutional control) should be established throughout the operational 11"fe 
of the disposal facility. Financial assurances for active institutional 
control involve the financing of  any required activities at a low-level waste 
site after completion of closure and postclosure care activities. These funding 
assurances would cover surveillance, monitoring, and any necessary maintenance 
to assure that the stability and integrity of the site is maintained and that 
there are no disruptive human activities at the site for up to 100 years. 

9.4.2 	 Need for Requiring Financial Assurances for the Active Institutions? 
Control Period 

A review of the history of commercial low-level waste sites in this country
indicates that there has been continuing concern by the public and by regulatory
authorities over long-term financial responsibility for low-level waste disposal
sites. In addition to questions over the equity issues of who pays for active 
institutional control over the site, the government and the public are concern 
that funds be readily available for such postoperational activities in order 
to ensure that the public's health and safety are continually protected. The 
controversy over postclosure control at the Sheffield, Illinois low-level 
waste disposal site is a contemporary illustration of the dilemma that exists in 
this area. Another event that has highlighted this controversy concerning t he  
adequacy of long-term care funds occurred at the closing of the low-level 
waste disposal site at West Valley, New York. A report done by the U.S. 
General Accounting Office also found that the financial responsibility for 
this site raised larger policy issues "concerning whether or not, and to w h a t  
extent, the federal government should provide financial assistance to the 
nuclear industry by taking over the cost of managing activities in the back 
end of the fuel cycle." Based on these considerations, the Commission staff 
concluded that requirements for financial guarantees for active institutional 
control should be included in the proposed low-level waste regulations i n  
order to ensure that the public's health and safety are protected. 

Existing state financia? requirements for long-term care o f  a disposal s i t e  
have frequently been referred to as "perpetual care arrangements. ' I  They are 
based on the same concept as scholarships, research endowment funds, or perpetual 
care funds for cemeteries. Funds are invested and a return is earned ora t 
principal. When this amount of interest earned is adjusted by the annual 
inflation rate, the net rate o f  return is determined. If  a sufficient return 
is earned, it is then used to pay for various activities, such a5 researchs 
scholarships, maintenance at the cemetery, or conversely, surveillance, 
monitoring and maintenance at a low-level waste disposal site. If the n e t  
rate earned on the principal is larger than inflation, then the principal i s  
left intact, and the principal can be invested again and again (in ~ e r ~ 
to fund these various activities through the return earned on the invested 
principal. However, if the interest rate earned on the principal j s  less  t 
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t h e  i n f l a t i o n  r a t e ,  o r  l a r g e  ex t rao rd ina ry  expenses develop t h a t  were n o t  
o r i g i n a l l y  planned f o r ,  then t h e  p r i n c i p a l  must be used i f  t h e  a c t i v i t i e s  a re  
t o  be p a i d  f o r .  I n  t h a t  case, t h e  p r i n c i p a l  i s  even tua l l y  reduced t o  zero, 
t h e  perpetua l  care fund has a s h o r t  l i f e ,  and o the r  resources besides those o f  
t h e  opera tor  must be u t i l i z e d .  

9.4.3 	 Technical  Requirements f o r  F inanc ia l  Assurances f o r  Ac t i ve  I n s t i t u t i o n a l  
Contro l  

Based on a rev iew o f  e x i s t i n g  experiences w i t h  long-term care funds a t  commercial 
low- leve l  waste s i t e s ,  t h e  s t a f f  has concluded t h a t  i t  i s  necessary t o  r e q u i r e  
l icensees t o  e s t a b l i s h  f i n a n c i a l  r e s p o n s i b i l i t y  f o r  a c t i v e  i n s t i t u t i o n a l  
c o n t r o l  and long-term care o f  a s i t e .  The s t a f f  has concluded t h a t  t h e  l i censee 
must p rov ide  f i n a n c i a l  assurances f o r  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  t h a t  inc ludes  
a l l  necessary expenses, i n c l u d i n g  su rve i l l ance ,  mon i to r ing ,  any necessary 
maintenance, and i n f l a t i o n .  These cos ts  a re  o f  a f i n i t e  nature,  because a 
"perpetual "  care f inanci a1 arrangement f o r  1ow- 1eve1 waste d i  sposal s i t e s  is 
n o t  requ i red .  Rather , f inanc ia l  responsi  b i  1it y  f o r  p o s t c l  osure care d u r i  ng 
t h e  100-year a c t i v e  i n s t i t u t i o n a l  con to l  p e r i o d  i s  requ i red .  To t h e  ex ten t  
t h a t  t h e  l i censee  and t h e  l i c e n s i n g  a u t h o r i t y  have c o r r e c t l y  est imated t h e  
types o f  a c t i v i t i e s  necessary d u r i n g  t h i s  pe r iod ,  a long w i t h  t h e i r  r e s u l t a n t  
cos ts  (ad jus ted  f o r  i n f l a t i o n ) ,  then t h e  long-term care fund ing  mechanism 
should be adequate t o  p r o p e r l y  handle t h e  known and p r e d i c t a b l e  expenses o f  
t h i s  100-year per iod .  However, i t  i s  beyond t h e  scope o f  t h i s  long- term 
requirement t o  consider  p r o v i s i o n s  f o r  cont ingency costs .  Beyond t h e  p e r i o d  
o f  100 years,  no expenses have been c a l c u l a t e d  f o r  i n c l u s i o n  i n t o  t h e  
de terminat ion  o f  long-term care r e s p o n s i b l i t y .  

9.4.4 Types o f  Ac t i ve  I n s t i t u t i o n a l  Contro l  Costs 

A v a r i e t y  o f  s tud ies  have been performed t h a t  have analyzed types and est imates 
o f  cos ts  f o r  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  a t  low- leve l  waste s i t e s .  Appendix Q 
p rov ides  a d iscuss ion  o f  these s tud ies  and c o s t  est imates t h a t  were developed. 
For  t h e  100-year a c t i v e  i n s t i t u t i o n a l  c o n t r o l  per iod ,  t o t a l  cos ts  a t  a re fe rence 
d isposal  f a c i l i t y  a re  est imated t o  range from between $8.5 m i l l i o n  t o  $34.6 
m i  11i o n  (in f  1a ted  do l  1ars)  dependi ng on v a r i  ous s i t e  cond i t i ons .  

9.4.5 Types o f  Ac t i ve  I n s t i t u t i o n a l  Contro l  Funding Arrangements 

A rev iew o f  t h e  var ious  f i n a n c i a l  assurance mechanisms commonly used i n  t h e  
commercial law area (see Sect ion  9.3.3) revea ls  t h a t  f e w  i f  any of these 
mechanisms a re  s u i t a b l e  f o r  t h e  long-term nature  o f  a long-term f i n a n c i a l  
assurance mechanism. The extended t ime p e r i o d  (100 years)  means t h a t  few 
f i n a n c i a l  i n s t i t u t i o n s  are  w i l l i n g  o r  ab le  t o  handle t h a t  type  o f  long- term 
f i n a n c i a l  assurance. There are,  however, severa l  o the r  a l t e r n a t i v e  long-term 
f i n a n c i a l  assurance mechanisms t h a t  can be used f o r  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  
a t  a d isposal  s i t e .  Several t echn ica l  c r i t e r i a  were app l i ed  i n  rev iewing  t h e  
adequacy o f  a l t e r n a t i v e  f i n a n c i a l  assurance mechanisms f o r  long-term care.  The 
s t a f f  considered t h a t  t h e  most impor tan t  cons ide ra t i on  f o r  long-term f i n a n c i a l  
assurances was t h e  ex ten t  t o  which they were ab le  t o  p rov ide  a guarantee t h a t  
t h e  necessary funds would be produced by t h e  respons ib le  p a r t i e s .  Another 
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necessary f a c t o r  f o r  cons ide ra t i on  i n  e v a l u a t i n g  t h e  va r ious  f i n a n c i a l  assurance 
mechanisms a t  t h e  fede ra l  government l e v e l  was the  e x t e n t  t o  which enab l i ng  
a u t h o r i t y  e x i s t e d  t o  a l l o w  t h e  Commission s t a f f  t o  r e q u i r e  such a mechanism. 
Several o f  t h e  f i n a n c i a l  assurance mechanisms proposed by va r ious  p a r t i e s  would 
r e q u i r e  enab l i ng  l e g i s l a t i o n  t h a t  i s  c u r r e n t l y  l a c k i n g  a t  t h e  fede ra l  l e v e l .  A 
b r i e f  d e s c r i p t i o n  o f  these a l t e r n a t i v e s  f o l l o w s  and each i s  descr ibed i n  g r e a t e r  
d e t a i l  i n  Appendix K. 

9.4.6 S i n k i n g  Fund w i t h  Surcharge Recovered from Waste Generators 

Several o f  t h e  s t a t e s  c u r r e n t l y  r e q u i r e  t h a t  t h e i r  d isposal  l icensees c o l l e c t  
a s p e c i f i e d  surcharge from each waste generator who uses t h e  s i t e .  The funds 
c o l l e c t e d  from these long-term care surcharges a re  then deposi ted i n t o  an 
earmarked s t a t e  t r e a s u r y  account o r  s i n k i n g  fund, where they a re  i nves ted  t o  
keep pace w i t h  i n f l a t i o n .  I f  such a s i n k i n g  fund were used, i n  o r d e r  f o r  t h e  
r e g u l a t o r y  agency t o  assure i t s e l f  t h a t  t h e r e  was p r o t e c t i o n  t o  assure t h a t  
funds f o r  long-term care were a v a i l a b l e ,  a s i n k i n g  fund would have t o  be 
combined w i t h  a performance bond on t h e  unpaid balance. For example, suppose 
t h e  r e g u l a t o r y  agency determined t h a t  $10 m i l l i o n  i n  1980 d o l l a r s  were necessary 
f o r  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  f o r  100 years. Dur ing t h e  f i r s t  year  o f  
ope ra t i on  the  l i censee  might  c o l l e c t  $.5 m i l l i o n  from surcharges, which he 
would then depos i t  and then p o s t  a bond f o r  $9.5 m i l l i o n .  I n  t h e  second year 
o f  operat ion,  assuming t h a t  $1.0 m i l l i o n  i s  deposi ted i n t o  the  s i n k i n g  fund, 
then t h e  l i censee  would have t o  have a performance bond o f  $9.0 m i l l i o n ,  and 
so on. Such a fund  c o u l d  be s e t  up i n  two ways. F i r s t ,  a fund c o u l d  be 
es tab l i shed  on a "perpetual "  bas i s  where t h e  funds earned each year  from t h e  
i nves ted  p r i n c i p a l  a re  used t o  pay f o r  long-term a c t i v i t y  costs.  As  l o n g  as 
t h e  i n t e r e s t  on t h e  i nves ted  p r i n c i p a l  earned more than t h e  i n f l a t i o n  r a t e ,  
and t h e  n e t  r a t e  o f  r e t u r n  was p o s i t i v e ,  t h e r e  would be s u f f i c i e n t  funds f o r  
long-term care. 

A second way t h a t  a long-term care fund cou ld  be s e t  up i s  through the  develop­
ment o f  a f i n i t e  p e r i o d  o f  c o n t r o l ,  such as a 100-year pe r iod .  The funds would 
n o t  be a v a i l a b l e  i n  p e r p e t u i t y ,  b u t  r a t h e r  f o r  o n l y  a s p e c i f i e d ,  f i n i t e  pe r iod .  
The p r i n c i p a l  amount, which would be c o l l e c t e d  from surcharges on waste 
generators,  would be drawn on over the  100-year p e r i o d  t o  pay f o r  a l l  necessary 
pos tc losu re  care, so t h a t  o n l y  a smal l  amount o f  t h e  p r i n c i p a l  and i n t e r e s t  i s  
l e f t  a t  t he  end o f  t h e  100-year pe r iod .  Both o f  these two v a r i a n t s  o f  long-term 
care funds are based on surcharges c o l l e c t e d  from waste generators.  Although 
these two funding mechanisms have been used a t  t h e  s t a t e  l e v e l  a t  commercial 
l ow- leve l  waste d isposal  s i t e s ,  t h e  Nuclear Regulatory Commmission l acks  the  
a u t h o r i t y  a t  t h e  fede ra l  l e v e l  t o  r e q u i r e  t h a t  a surcharge (which i s  considered 
a t a x )  be imposed on waste generators.  Therefore,  t h e  s t a f f  cannot recommend 
t h e  use o f  t h i s  r e g u l a t o r y  mechanism. 

9.4.7 Low-Level Waste Disposal  S i t e  "Superfund" 

Another type o f  f i n a n c i a l  assurance p r o v i s i o n  f o r  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  
t h a t  has been proposed i s  t h e  development o f  a f e d e r a l l y  admin is tered long-term 
care program t o  which a l l  d isposal  operators  would be r e q u i r e d  t o  c o n t r i b u t e .  
Using t h i s  scenar io,  t h e  fede ra l  government would be responsib le  f o r  
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admin i s te r i ng  a r a d i o a c t i v e  "Superfund," t h a t  i s  s i m i l a r  i n  nature t o  t h e  fund 

be ing  developed by t h e  fede ra l  government based on P.L. 96-510. Proponents o f  

t h i s  fund ing  mechanism argue t h a t ,  s ince b u r i a l  s i t e s  serve n a t i o n a l  and n o t  

s t a t e  needs, t h e  c i t i z e n s  o f  i n d i v i d u a l  s t a t e s  should n o t  be r e q u i r e d  t o  bear 

t h e  c o s t  o f  major cont ingency ac t i ons  f o r  long-term care a c t i v i t i e s  a t  these 

s i t e s .  The 1977 NRC Task Force Report on t h e  Review o f  t he  Federal /State 

Programs f o r  Regulat ion o f  Commercial Low-level Radioact ive Waste B u r i a l  

Grounds came t o  a s i m i l a r  conclusion. The r e p o r t  s t a t e d  t h a t  "it appears 

d e s i r a b l e  and e q u i t a b l e  f o r  t h e  fede ra l  government t o  assume r e s p o n s i b i l i t y  f o r  

long-term care o f  t h e  s i t e s ,  s ince the  s t a t e s  genera l l y  do n o t  have the  resources 

t o  assure adequate care under a v a r i e t y  o f  cont ingencies and a l s o  s ince the  s i t e s  

serve reg iona l  needs." However, t h i s  type o f  pooled r i s k  long-term care mechanism 

would r e q u i r e  enabl ing l e g i s l a t i o n  f r o m  Congress, s ince the  a u t h o r i t y  t o  e s t a b l i s h  

such a pool  does n o t  c u r r e n t l y  e x i s t .  Therefore,  f o r  t h e  purposes o f  t h i s  regu­

l a t i o n  t h e  s t a f f  cannot recommend t h e  use o f  such a f i n a n c i a l  assurance mechanism. 


9.4.8 Lease o r  B ind ing  Arrangement 


Another type o f  f i n a n c i a l  assurance mechanism s u i t a b l e  f o r  a c t i v e  i n s t i t u t i o n a l  

c o n t r o l  is t h e  use o f  a l e g a l l y  b i n d i n g  arrangement such as a lease, between 

t h e  l i censee  and the  s i t e  landowner, wherein t h e  two p a r t i e s  agree t o  assume 

v a r y i n g  degrees o f  r e s p o n s i b i l i t y  between themselves f o r  a l l  r e q u i r e d  and 

p r e d i c t a b l e  cos ts  o f  long-term care o f  t h e  s i t e .  Such a r e g u l a t o r y  approach 

has been used s ince 1962, w i t h  mixed success a t  t h e  commercial LLW d isposal  

s i t e s .  The leases have genera l l y  s p e c i f i e d  t h a t  t h e  l i censee  c o l l e c t  a surcharge 

o f  some amount f r o m  t h e  waste generators . - I n  several  cases, t h e  amount o f  t h e  

surcharge has been inadequate t o  generate s u f f i c i e n t  funds f o r  long-term care. 

The terms and c o n d i t i o n s  o f  t h e  leases have a l s o  been sub jec t  t o  l e g a l  chal lenges 

by t h e  l icensees and t h e  s i t e  owner. 


9.4.9 No F i n a n c i a l  Assurance Requirements f o r  A c t i v e  I n s t i t u t i o n a l  Contro l  


Another long-term care a l t e r n a t i v e  would be t o  n o t  e s t a b l i s h  any funding 

requirement on waste l icensees f o r  f i n a n c i a l  r e s p o n s i b i l i t y .  I n  such a 

scenar io,  t h e  c u s t o d i a l  care agency o r  t h e  s i t e  owner would be responsib le  f o r  

a l l  costs  i n c u r r e d  d u r i n g  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  pe r iod .  However, 

under t h i s  a l t e r n a t i v e ,  t h e  waste generator would n o t  be pay ing t h e  f u l l  cos ts  

o f  t he  s i t e s ,  r e s u l t i n g  i n  an i n e q u i t a b l e  s i t u a t i o n .  A d d i t i o n a l l y ,  t h e  s t a f f  

d i d  n o t  cons ider  a no a c t i o n  a l t e r n a t i v e  f o r  long-term care,  s ince  a l l  o f  t h e  

e x i s t i n g  LLW d isposal  s i t e s  have had some form o f  funding arrangement s ince 

t h e  f i r s t  s i t e  was l i c e n s e d  i n  1962. The Commission s t a f f  has rece ived  

numerous o r a l  and w r i t t e n  comments on t h e  need t o  e s t a b l i s h  funding assurances 

f o r  long-term care o f  l ow- leve l  waste s i t e s .  The s t a f f  has determined t h a t  

such a r e g u l a t o r y  approach o f  n o t  r e q u i r i n g  a long-term care fund i s  n o t  

acceptable. 


9.4.10 	 Acceptable F inanc ia l  Assurance Mechanisms f o r  A c t i v e  I n s t i t u t i o n a l  
Contro l  

The s t a f f  has determined t h a t  a l l  l ow- leve l  waste d isposal  s i t e  operators  must 
e s t a b l i s h  evidence o f  f i n a n c i a l  r e s p o n s i b i l i t y  f o r  long-term care o f  t he  s i t e  
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d u r i n g  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  pe r iod .  F inanc ia l  r e s p o n s i b i l i t y  must 
be f i x e d  w e l l  be fo re  c losu re  f o r  t he  cos ts  o f  a l l  r e q u i r e d  and necessary 
a c t i v i t i e s  a t  t h e  s i t e ,  i n c l u d i n g  s u r v e i l l a n c e ,  moni tor ing,  i n f l a t i o n ,  and any 
r e q u i r e d  maintenance. T r a d i t i o n a l l y ,  s t a t e s  r e g u l a t i n g  e x i s t i n g  commercial 
l ow- leve l  waste d isposal  s i t e s  have r e q u i r e d  l icensees t o  e s t a b l i s h  s i n k i n g  
funds based on surcharges c o l l e c t e d  from t h e  waste generators,  a long w i t h  
leases between themselves and t h e  operator  s p e c i f y i n g  f i n a n c i a l  r e s p o n s i b i l i t y  
f o r  long-term care o f  t he  s i t e .  The s t a f f  i s  aware o f  t h e  b e n e f i t s  o f  r e q u i r i n g  
d isposal  operators  t o  r e q u i r e  a surcharge on waste generators which i s  
consequently deposi ted i n t o  a s i n k i n g  fund and then invested.  Such a c o s t  
recovery mechanism d i r e c t l y  charges those p a r t i e s  b e n e f i t i n g  (:.e., t he  waste 
generators) f o r  t h e  costs  o f  long-term care. However, t h i s  approach cannot be 
used s ince t h e  Commission lacks t h e  a u t h o r i t y  t o :  (a) r e q u i r e  t h a t  a long-term 
care fund be establ lshed,  and (b) r e q u i r e  t h a t  t h e  operator  impose a surcharge 
on waste generators.  Appendix K o f  t h e  E I S  prov ides a d e s c r i p t i o n  o f  t h e  
Commission’s de te rm ina t ion  o f  these p o i n t s .  

Since t h e  Commission lacks t h e  a u t h o r i t y  t o  e x p l i c i t l y  r e q u i r e  t h a t  a surcharge 
be imposed and a s i n k i n g  fund t o  be establ ished,  t he  s t a f f  considers t h a t  t he  
nex t  bes t  r e g u l a t o r y  a l t e r n a t i v e  i s  t o  r e q u i r e  t h a t  t h e  operator  be p a r t y  t o  a 
b i n d i n g  arrangement such as a lease between h imse l f  and t h e  s i t e ’ s  landowner 
( c u r r e n t  Commission r e g u l a t i o n s  r e q u i r e  the  s t a t e  o r  f ede ra l  government t o  be 
t h e  s i t e  l a n d  owner) which es tab l i shes  evidence o f  f i n a n c i a l  r e s p o n s i b i l i t y  
f o r  t h e  100-year i n s t i t u t i o n a l  c o n t r o l  pe r iod .  The lease must a l s o  take i n t o  
account changes i n  i n f l a t i o n  over t h e  100-year p e r i o d  and t h e  Commission w i l l  
p e r i o d i c a l l y  rev iew t h e  lease t o  ensure t h a t  t h e  terms and c o n d i t i o n s  are kep t  
c u r r e n t  by t h e  p a r t i e s  t o  r e f l e c t  changes i n  i n f l a t i o n ,  technology, and s p e c i f i c  
s i t e  cond i t i ons .  More guidance on t h e  s p e c i f i c s  o f  t h i s  b i n d i n g  arrangement 
w i l l  be presented i n  a for thcoming r e g u l a t o r y  guide t o  be  i ssued by t h e  
Commission. The s t a f f  i s  aware o f  t he  shortcomings o f  such an approach, b u t  
cons iders t h i s  t h e  bes t  r e g u l a t o r y  a l t e r n a t i v e  based on t h e  c u r r e n t  s t a t u t o r y  
a u t h o r i t y  o f  t h e  Commission. (States l i c e n s i n g  d isposal  s i t e s  pursuant t o  t h e  
S ta te  Agreement Program may have enabl ing a u t h o r i t y  t o  r e q u i r e  t h a t  a s i n k i n g  
fund be establ ished,  and t h a t  a surcharge be r e q u i r e d  o f  waste generators,  and 
they may wish t o  consider  SUCR a r e g u l a t o r y  a l t e r n a t i v e . )  However, f o r  the 
purposes o f  t h i s  r e g u l a t i o n ,  t h e  s t a f f  recommends t h a t  a l ow- leve l  waste 
d isposal  a p p l i c a n t  p rov ide  t h e  Commission w i t h  an assurance t h a t  adequate 
f i n a n c i a l  resources w i l l  be a v a i l a b l e  t o  p rov ide  f o r  a l l  known and p r e d i c t a b l e  
expenses t h a t  occur d u r i n g  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  a t  t he  s i t e  
f o l l o w i n g  c losure.  Such a r e g u l a t o r y  requirement w i l l  he lp  t o  ensure t h a t  t h e  
l i censee  o r  t h e  s i t e  owner i s  respons ib le  f o r  per forming a l l  r e q u i r e d  long-term 
care a c t i v i t i e s  t h a t  a re  necessary t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and s a f e t y  and 
the  environment. 

The s t a f f  has i nc luded  t h e  costs  f o r  100 years o f  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  
i n t o  t h e  c o s t  o f  t he  reference f a c i l i t y ,  and corresponding a l t e r n a t i v e s  t h a t  have 
a l s o  been analyzed. The a c t u a l  costs  o f  long-term care, however, w i l l  vary  
depending upon the  l e v e l  o f  a c t i v e  maintenance r e q u i r e d  under va ry ing  d isposal  
f a c i l i t y  cond i t i ons .  The s t a f f  assumed t h a t  these funds f o r  a c t i v e  i n s t i t u t i o n a l  
c o n t r o l  would be obta ined through a surcharge based on waste received a t  t he  
f a c i l i t y .  Monies obta ined f r o m  the  surcharge would then be p laced i n t o  an 
i n t e r e s t  b e a r i  ng account. 



Chapter 10 

ENVIRONMENTAL CONSEQUENCES 

1 0 . 1  INTRQDUCTION 

The purpose o f  t h i s  chapter i s  t o  ident i fy ,  evaluate,  and quantify the ef , fects  
o f  the proposed rulemaking action: NRC's promulgation of a comprehensive
r ~ g ~ ~ a t i o ngoverning the management o f  low-level radioactive waste disposal

FR Part 61).  The environmental consequences o r  impacts discussed a re  
on the proposed rule  as developed in previous chapters and do n o t  include 

onsideration o f  impacts o f  a l t e rna t ive  versions of the rule .  The consequences 
~"scussed are  incremental, in some cases ,  w i t h  respect t o  the current regulatory 

~ ~ ak. ~ e ~ o ~ 

i r e c t  and ind i r ec t  environmental impacts will  occur as a r e su l t  of the 
led Part  6 1  rule .  i r e c t  impacts are  discussed f i r s t  in t h i s  chapter 
on 10 .2)  and, although such impacts a re  readily ident i f ied  and evaluated, 

they a re  s ign i f icant ly  d i f f e ren t  than the impacts typ ica l ly  considered in an 
f o r  a physical project  such as a nuclear power plant  o r  a fuel fabr icat ion 

f a c i l i t y .  Because t h i s  EIS i s  being prepared f o r  a rulemaking ac t ion ,  the 
mi re^^ e f f ec t s  of the action do n o t  f a l l  upon the physical and natural environ­
ents, b u t  ra ther  upon those segments of the human environment whose conduct 

f a i r s  w i l l  be affected by the change in regulatory requirements. Among 
i r e c t l y  affected groups considered in Section 10 .2  are: 

o Waste generators and processors; 

o Waste t ransporters ;  

6 Waste disposal f a c i l i t y  operators;  

o Federal agencies and the s t a t e s ;  and 

o The public. 

- 3  discusses the ind i rec t  impacts of the proposed Part  6 1  rule .  In 
on the performance objectives and minimum technical requirements of 
re  applied t o  four reference disposal f a c i l i t y  s i t e s  located on a 
asis. T h r o u g h  t h i s  analysis ,  the residual o r  unmitigated impacts a re  

n t i f i e d  which will  occur even with the application of Part 6 1  requirements. 
uirements t o  a reference f a c i l i t y  design and analyzing the 

impacts, the reader i s  provided w i t h  an estimate of the 
ds' e f f ec t s  of the ru le  in terms t h a t  a re  more r e f l ec t ive  of a typical 
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10.2 	 ENVIRONMENTAL CONSEQUENCES OCCURRING DIRECTLY AS A RESULT OF THE 
PROPOSED PART 6 1  RULE 

10.2.1 Impacts on Federal Agencies 

I n  Chapter 1 a number o f  f e d e r a l  agencies were i d e n t i f i e d  which have responsi­
b i l i t i e s  r e l a t i v e  t o  low- level  waste management. These agencies are: NRC, 
t h e  Environmental P r o t e c t i o n  Agency (EPA), t h e  Department o f  Energy (DOE), t h e  
Department o f  T ranspor ta t i on  (DOT) and t h e  U.S. Geological  Survey (USGS). The 
e f f e c t s  o f  t h e  P a r t  6 1  r u l e  on these agencies are discussed i n  t h e  f o l l o w i n g  
subsections. 

10.2.1.1 Impacts on NRC 

I n  general terms, the ch ie f  impact o f  t h e  adopt ion o f  10 CFR P a r t  6 1  on NRC 
would be Lo more c l e a r l y  d e f i n e  t o  t h e  s t a f f  t he  es tab l i shed  p o l i c i e s ,  l i c e n s i n g  
Procedures, and performance o b j e c t i v e s  governing LLW disposal .  It would a l s o  
he lp  ensure t h a t  LLW disposal  f a c i l i t i e s  a re  t r e a t e d  u n i f o r m l y  i n  terms o f  
complying w i t h  t h e  above r e g u l a t i o n s  and procedures. 

Adoption of t h e  P a r t  6 1  r u l e  i s  n o t  expected t o  s i g n i f i c a n t l y  increase NRC's 
r e g u l a t o r y  expendi tures.  A I  though the  new r e q u i  rements should r e s u l  t i n  some 
increased cos ts  and e f f o r t ,  these probable increases i n  r e g u l a t o r y  costs  w i l l  be 
o f f s e t  by gains i n  NRC's a d m i n i s t r a t i v e  e f f i c i e n c y .  The a p p l i c a t i o n  o f  a compre­
hensive s e t  o f  r e g u l a t i o n s  governing LLW w i l l  a i d  bo th  p o t e n t i a l  l icensees,  t h e  
s ta tes ,  t h e  p u b l i c ,  and NRC by more c l e a r l y  d e f i n i n g  respec t i ve  r e s p o n s i b i l i t i e s ,  
requirements, analyses, and determinat ions.  I n  p a r t i c u l a r ,  NRC would have a 
un i fo rm s e t  o f  a d m i n i s t r a t i v e  procedures and performance requirements t o  apply  
i n  each instance. NRC would a lso  have a s e t  o f  c l e a r l y  enunciated t e c h n i c a l  
performance requirements t h a t  would p e r m i t  more e f f e c t i v e  c o n t r o l  o f  t he  
performance and opera t i ng  procedures o f  commercial LLW disposal  f a c i l i t i e s .  

10.2.1.2 Impacts on EPA 

The Environmental P r o t e c t i o n  Agency (EPA) is  charged w i t h  t h e  r e s p o n s i b i l i t y  
o f  p r o t e c t i o n  and enhancement o f  environmental q u a l i t y  and i t  c a r r i e s  o u t  i t s  
miss ion through research, moni tor ing,  r e g u l a t o r y ,  and enforcement func t i ons .  
An impor tan t  EPA r o l e  w i t h  rega rd  t o  l ow- leve l  r a d i o a c t i v e  waste management i s  
i n  t h e  establ ishment o f  g e n e r a l l y  a p p l i c a b l e  environmental standards f o r  waste 
d isposal .  The Agency does n o t  l i c e n s e  r a d i o a c t i v e  waste d isposal  f a c i l i t i e s .  

A t  t h e  p resen t  t ime, t h e  o v e r a l l  environmental standards f o r  waste d isposal  
a r e  i n  the  development process. The f a c t  t h a t  EPA's standards i n  t h i s  f i e l d  
a re  n o t  c u r r e n t l y  es tab l i shed  r e q u i r e d  NRC t o  make a choice w i t h  regard t o  
development o f  t h e  P a r t  6 1  r u l e :  proceed w i t h  rulemaking based on i n t e r i m  
standards developed by NRC and coord inated w i t h  EPA, o r  suspend rulemaking 
u n t i l  t h e  EPA standards a re  formulated. NRC chose t h e  former course of ac t i on .  

I n  proceeding, NRC consu l ted  w i t h  EPA on t h e  performance o b j e c t i v e s ,  minimum 
t e c h n i c a l  c r i t e r i a ,  and o t h e r  aspects o f  t h e  r u l e .  As a r e s u l t  o f  t h i s  coordin­

e f f o r t ,  t h e  t e c h n i c a l  c r i t e r i a  es tab l i shed  i n  t h i s  statement and t h e  r u l e  
i t s e l f  w i l l  n o t  impact t h e  ongoing program o f  t h a t  agency f o r  e s t a b l i s h i n g  
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o v e r a l l  environment standards f o r  waste d isposal .  Rather, t h e  NRC rulemaking 
e f f o r t  may i n  f a c t  advance EPA's e f f o r t s  i n  t h i s  regard. 

10.2.1.3 Impact on DOE 

The Department o f  Energy (DOE) i s  responsib le  f o r  managing d isposal  o f  l ow- leve l  
r a d i o a c t i v e  waste generated by government operat ions and f o r  conduct ing research 
i n t o  va r ious  aspects o f  r a d i o a c t i v e  waste d isposal .  Disposal o f  LLW by DOE i s  
exempted from NRC l i c e n s i n g  a u t h o r i t y  and would remain so under t h e  proposed 
P a r t  6 1  r u l e .  Therefore,  DOE's ILW d isposal  operat ions would be una f fec ted  by 
t h e  r u l e  and cou ld  n o t  come under i t s  purview w i t h o u t  an amendment t o  t h e  Energy 
Reorganizat ion Act  o f  1974. 

One impact o f  t h e  P a r t  6 1  r u l e  on DOE would occur i f  DOE resumed us ing  com­
merc ia l  d isposal  f a c i l i t i e s  f o r  d isposal  o f  DOE LLW. Under t h i s  s i t u a t i o n  DOE 
would have t o  ensure t h a t  i t s  waste conformed t o  a p p l i c a b l e  p a r t s  o f  t he  new 
r u l e .  I n  a d d i t i o n ,  t h e  P a r t  6 1  r u l e  w i l l  he lp  t o  p rov ide  a d d i t i o n a l  s p e c i f i c  
guidance t o  DOE's programs o f  technology development and ass is tance t o  s t a t e s  
i n  e s t a b l i s h i n g  new s i t e s .  

10.2.1.4 Impacts on DOT 

T ranspor ta t i on  o f  r a d i o a c t i v e  m a t e r i a l s  i n  t h e  Un i ted  States i s  j o i n t l y  regu la ted  
by the  Department o f  T ranspor ta t i on  (DOT) and NRC. DOT regu la tes  a l l  r a d i o a c t i v e  
m a t e r i a l s  i n  i n t e r s t a t e  commerce w h i l e  NRC regu la tes  t h e  t r a n s p o r t a t i o n  o f  
byproduct, source, and spec ia l  nuc lear  m a t e r i a l .  The agencies cont inue t o  
work c l o s e l y  i n  e s t a b l i s h i n g  standards and r e g u l a t i n g  packaging and o the r  
aspects o f  r a d i o a c t i v e  m a t e r i a l  t ranspor t .  NRC's e x i s t i n g  r e g u l a t i o n s  f o r  
t r a n s p o r t  r e f l e c t  t h e  requirements of DOT and t h e  s i t u a t i o n  w i l l  remain the  
same under the  proposed P a r t  6 1  r u l e .  The minimum requirements f o r  waste form 
and packaging under t h e  proposed r u l e  a re  i n  compliance w i t h  e x i s t i n g  DOT and 
NRC r e g u l a t i o n s  and thus w i l l  n o t  impact t h e  r e g u l a t o r y  program o f  DOT. The 
s t a b i l i t y  waste form requirements f o r  h igher  a c t i v i t y  wastes w i l l  he lp  improve 
t r a n s p o r t a t i o n  s a f e t y  as a byproduct, as w i l l  t he  minimum waste form requ i re ­
ments in tended t o  improve opera t i ona l  s a f e t y  a t  t h e  d isposal  f a c i l i t y .  

10.2.2 Impacts on t h e  States 

Promulgation by NRC o f  t he  proposed P a r t  6 1  r e g u l a t i o n  w i l l  have impacts on 
t h e  s t a t e s  i n  a d d i t i o n  t o  these r e a l i z e d  by i n d u s t r y  and fede ra l  agencies. 
These impacts w i l l  p r i m a r i l y  a f f e c t  those s t a t e s  which have entered i n t o  agree­
ments w i t h  NRC f o r  r e g u l a t i o n  o f  c e r t a i n  r a d i o a c t i v e  m a t e r i a l s - - i . e . ,  t he  
Agreement States. 

Under p r o v i s i o n s  o f  t h e  Atomic Energy Act,  t h e  s ta tes  and NRC ma in ta in  compatible 
programs, which i nc lude  s p e c i f i c  r u l e s  and regu la t i ons .  The promulgat ion o f  
10 CFR P a r t  6 1  would mean t h a t  t h e  Agreement States would have t o  modify t h e i r  
r e g u l a t i o n s  t o  i nc lude  p r o v i s i o n s  compat ib le w i t h  the  new NRC regu la t i on .  
This  process of m o d i f i c a t i o n  would i nvo l ve ,  a t  a minimum, the  f o l l o w i n g  steps: 

o 	 Preparat ion o f  d r a f t  r e g u l a t i o n s  t o  r e f l e c t  t h e  requirements o f  
t h e  P a r t  6 1  r u l e ;  
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o Review and approval of proposed regulations by NRC;  and 

o Public review and formal incorporation into state code. 

In preparation of this EIS, N R C  has not attempted to quantify the actual costs 
which would be incurred by the Agreement States in modification of their 
programs. In part, this is because the periodic updating and modification of 
Agreement State rules and regulations to maintain a program compatible with 
NRC regulations is part of the normal functioning of the Agreement State 
program. Moreover, the Agreement State programs vary from state to state and 
the costs to one state to assure compatibility may not necessarily reflect the 
costs to another state. 

10.2.3 ImDacts on the Public 


Promulgation o f  the proposed Part 61 rule by NRC will impact the public most 
significantly. The purpose of the rule is to provide improved safeguards for 
protection of public health and safety and the environment, but despite these 
improvements, the technology of waste disposal is not risk-free. Whatever 
risks remain in the presence of the operative rule will be borne by the public, 
as will the ultimate costs of implementing the rule. In the following para­
graphs, the beneficial as well as the adverse impacts of implementing the 
Part 61 rule are considered. 

10.2.3.1 Beneficial Impacts 


The requirements of the Part 61 regulation are expected to result in beneficial 
impacts to the public in threee major areas. First, the implementation and 
enforcement of performance objectives and uniform minimum technical require­
ments will improve the performance of future LLW disposal facilities and 
thereby reduce the hazards o f  LLW disposal to public health and safety and 
environmental quality. Although the benefits of the rule's requirements may 
not be immediately apparent, the staff believes that in the long term these 
requirements will improve the stability of both the waste form and the disposal
facility and will lessen the potential for radionuclide migration into the 
environment and the need for active long-term maintenance of the facility. 

Second, the requirements of the Part 61 rule should assure that near-surface 

disposal remains a safe viable option for the disposal of LLW. Therefore, the 

public can be assured of the continued availability of goods and services whose 

provision results in generation of LLW. Among these goods and services are 

electricity from nuclear power plants, medical diagnostic aids based on nuclear 

technology, and research into new applications of nuclear technology. 


Finally, the Part 61 rule provides public benefits in the form of more explicit
provisions for participation in the licensing process for future LLW disposal
facilities. Licensing requirements and procedures have heretofore been frag­
mented and somewhat difficult for interested citizens to fathom. As set out 
in the rule, these procedures are consolidated, and expanded provisions for 
participation by state and tribal governments are set out under Subpart F of 
the rule. 
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10.2.3.2 Adverse Impacts 

The proposed P a r t  6 1  r u l e  w i l l  r e s u l t  i n  b e n e f i t s  t o  the  p u b l i c .  However, t he  
s t a f f  does n o t  expect t h a t  implementation o f  t h e  r u l e  w i l l  be w i t h o u t  adverse 
p u b l i c  impacts. Three pr imary impacts a re  expected t o  occur. 

The f i r s t  o f  these impacts w i l l  be r e s i d u a l  environmental and human h e a l t h  
hazards r e s u l t i n g  from LLW disposal .  Despi te t h e  p r o v i s i o n s  o f  t h e  P a r t  6 1  
r u l e ,  t h e  v a r i a b l e s  and processes i nvo l ved  i n  LLW disposal  are s u f f i c i e n t l y  
complex t h a t  unmi t igated impacts cannot be avoided. These may i n c l u d e  occupa­
t i o n a l  exposure, m i g r a t i o n  o f  rad ionuc l i des ,  and subsequent o f f s i t e  exposures. 
(Sect ion 10.3 discusses these unmi t igated impacts i n  more d e t a i l . )  It should 
be noted, however, t h a t  these impacts a re  n o t  impacts caused by the  r u l e ,  b u t  
r a t h e r  impacts which are considered beyond t h e  c a p a b i l i t y  o f  t he  r u l e  t o  
e l  im ina te  e n t i  r e l y .  

Achieving reduct ions i n  impacts from LLW disposal  w i l l  n o t  be w i t h o u t  costs  i n  
an economic sense. Implementing t h e  requirements o f  t h e  P a r t  6 1  r u l e  w i l l  i n v o l v e  
costs  t o  t h e  d isposal  f a c i l i t y  operators,  waste t ranspor te rs ,  an waste generators. 
These costs ,  o f  course, w i l l  be passed on t o  t h e  p u b l i c  i n  t h e  f o r m  o f  increased 
p r i c e s  f o r  goods and serv ices whose p r o v i s i o n  i nvo l ves  t h e  generat ion o f  LLW. It 
i s  n o t  expected t h a t  t h e  passing on o f  these costs  w i l l  c rea te  an incremental 
change t o  t h e  consumer, b u t  r a t h e r  w i l l  appear a long w i t h  many o the r  costs  o f  
doing business i n  aggregate p r i c e  increases. 

F i n a l l y ,  implementation and enforcement o f  t h e  p r o v i s i o n s  o f  t h e  P a r t  51 r u l e  
w i l l  r e q u i r e  t h e  a l l o c a t i o n  o f  f ede ra l  and s t a t e  resources d u r i n g  the  spera­
t i o n a l  and pos topera t i ona l  per iods o f  a LLW disposal  f a c i l i t y .  To t h e  ex ten t  
t h a t  these p u b l i c  resources a re  a l l o c a t e d  t o  r e g u l a t i o n  o f  LCW disposal ,  they 
a r e  unava i l ab le  f o r  o the r  purposes. Conversely, t o  t h e  e x t e n t  t h a t  t he  p u b l i c  
i n c u r s  t h i s  cost ,  i t  reduces ( w i t h i n  l i m i t s )  t h e  cos ts  o f  LLW disposal  i n  
terms o f  human h e a l t h  hazards and environmental impacts. 

10.3 	 ENVIRONMENTAL CONSEQUENCES OCCURRING INDIRECTLY AS A RESULT OF THE 
PROPOSED PART 6 1  RULE 

Th is  s e c t i o n  discusses t h e  i n d i r e c t  impacts o f  t he  proposed P a r t  6 1  r e g u l a t i o n .  
To est imate these impacts, t h e  performance o b j e c t i v e s  and minimal t echn ica l  
c r i t e r i a  es tab l i shed  i n  Chapters 4 through 9 a r e  a p p l i e d  t o  f o u r  re ference 
d isposal  f a c i l i t i e s  assumed t o  be const ructed on f o u r  hypo the t i ca l  reg iona l  
s i t e s .  Through t h i s  ana lys i s ,  t h e  r e s i d u a l  o r  unmi t igated impacts t h a t  cou ld  
occur even w i t h  t h e  a p p l i c a t i o n  o f  t h e  P a r t  6 1  requirements a re  addressed. 

This  s e c t i o n  i s  d i v i d e d  i n t o  f o u r  subsections as fo l l ows .  Sect ion 10.3.1 
prov ides a b r i e f  summary o f  the.assumed reg iona l  s i t e s ,  w h i l e  a d e s c r i p t i o n  of 
t he  d isposal  f a c i l i t i e s  assumed t o  be const ructed a t  each reg iona l  sa’te i s  
p rov ided  i n  Sect ion 10.3.2. The waste forms assumed f o r  t he  reg iona l  case 
study a n a l y s i s  a re  a l s o  summarized i n  Sect ion 10.3.2. Sect ion 10.3.3 presents 
t h e  r e s u l t s  o f  t h e  a n a l y s i s  i n  terms o f  r a d i o l o g i c a l  impacts and costs.  
Sect ion 10.3.4 presents  a d i scuss ion  o f  o t h e r  impact measures such as a i r  
q u a l i t y ,  l a n d  use, and incremental  energy use. 



10-6 


10.3.1 Hypothet ica l  Regional S i t e s  

This  s e c t i o n  presents  a d e s c r i p t i o n  o f  t h e  f o u r  hypo the t i ca l  reg iona l  s i t e s  
assumed i n  t h i s  EIS. For the  purposes o f  t h i s  E I S ,  t he  conterminous U.S. has 
been d i v i d e d  i n t o  f o u r  reg ions having boundaries based upon the  e x i s t i n g  f i v e  
NRC reg ions.  These a r e  r e f e r r e d  t o  i n  t h i s  EIS as the  no r theas t  r e g i o n  (NRC 
Region I ) ,  t h e  southeast r e g i o n  (NRC Region 11), t he  midwest r e g i o n  (NRC 
Region 1111, and the  western r e g i o n  (a combination o f  NRC Regions IV and V). 
Each reg ion  i s  p r o j e c t e d  t o  generate from 600,000 t o  1,000,000 m3 o f  LLW 
between t h e  years 1980 and 2000. A d isposal  f a c i l i t y  i s  assumed t o  be l oca ted  
a t  a hypo the t i ca l  s i t e  w i t h i n  each region. The western reg iona l  s i t e  d e s c r i p t i o n  
i s  meant t o  be rep resen ta t i ve  o f  t h e  southwestern p o r t i o n  o f  t h e  reg ion,  and i s  
u s u a l l y  termed the  southwest s i t e  i n  t h i s  EIS. 

Each s i t e  d e s c r i p t i o n  has been developed from a number o f  sources and i s  meant 
t o  be c o n s i s t e n t  w i th :  (a) t h e  bas i c  d isposal  f a c i l i t y  s i t i n g  considerat ions 
discussed i n  Chapter 5 and Appendix E, and (b) t he  gener ic  environmental charac­
t e r i s t i c s  w i t h i n  t h a t  region. The reg iona l  s i t e  d e s c r i p t i o n s  a re  intended t o  
descr ibe reasonable r e a l i s t i c  s i t e s - - i . e . ,  s i t e s  t h a t  c o u l d  be l i censed  under 
t h e  P a r t  61 r u l e - - b u t  are n o t  intended t o  represent  t h e  "best"  s i t e s  t h a t  
c o u l d  be l o c a t e d  w i t h i n  t h e  reg ions.  Although t h e  reg iona l  s i t e s  a re  meant t o  
be t y p i c a l  o f  t he  environmental c h a r a c t e r i s t i c s  w i t h i n  t h e  reg ions,  t h e  s i t e s  
a re  -n o t  meant t o  descr ibe any e x i s t i n g  o r  p o t e n t i a l l y  planned d isposal  f a c i l i t y  
o r  any s p e c i f i c  l o c a t i o n  w i t h i n  a p a r t i c u l a r  region. The s i t e  d e s c r i p t i o n s  
and ensuing case study ana lys i s  should a l s o  n o t  be i n t e r p r e t e d  as NRC advocacy 
o f  any r e g i o n  o r  any s p e c i f i c  l o c a t i o n  w i t h i n  a reg ion.  The p r i n c i p a l  purpose 
o f  t h e  reg iona l  s i t e  d e s c r i p t i o n s  i s  t o  p rov ide  a wide range of environmental 
c o n d i t i o n s  f o r  cons ide ra t i on  i n  t h e  analys is .  

The f o l l o w i n g  prov ides a b r i e f  d e s c r i p t i o n  o f  t h e  r e g i o n a l  d isposal  f a c i l i t y  
s i t e s .  More deta i l .ed d e s c r i p t i o n s  are prov ided i n  Appendix E (southeast s i t e )  
and Appendix J ( the nor theast ,  midwest, and southwest s i t e s ) .  A s h o r t  summary 
o f  most o f  t h e  p r i n c i p a l  s i t e  environmental p r o p e r t i e s  used i n  t h e  analyses i s  
i nc luded  as Table 10.1. Table 10.2 con ta ins  a summary o f  t he  (dimensionless) 
r e t a r d a t i o n  c o e f f i c i e n t s  assumed f o r  t h e  soils i n  t h e  v i c i n i t y  o f  t h e  reg iona l  
s i t e s ,  w h i l e  Table 10.3 conta ins a summary o f  t h e  assumed p o p u l a t i o n  d i s t r i b u t i o n s .  

10.3.1.1 Northeast S i t e  

The nor theast  s i t e  i s  assumed t o  be l o c a t e d  w i t h i n  t h e  Appalachian Upland 
p o r t i o n  o f  t h e  Appalachian Plateau physiographic province. The area has been 
reworked by e ros iona l  and depos i t i ona l  forces associated w i t h  g l a c i a l  and 
p o s t g l a c i a l  a c t i v i t i e s .  The d isposal  f a c i l i t y  s i t e  i s  on an upland area, 
having an average e l e v a t i o n  o f  about 555 m (1,820 f t)  above mean sea l e v e l  
(msl). Throughout most o f  t he  Appalachian upland, t h e  bedrock i s  o v e r l a i n  by 
unconsol idated deposi ts  o f  g l a c i a l  o r i g i n .  The th ickness o f  these u n i t s  i s  
g e n e r a l l y  g rea te r  i n  the  lowlands and v a l l e y s ,  g r a d u a l l y  t h i n n i n g  o u t  over the  
upland. The m a t e r i a l  p r o p e r t i e s  o f  t h e  deposi ts  are h i g h l y  v a r i a b l e .  
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Tab1e 10.1 Summary o f  Regional Disposal Faci1i ty
Site Environmental Properties 

Regional Sites 


Environmental property NE SE MW sw 


Mean average temperature 8 O C  17OC ll°C 140c 
OC (OF) (46OF) ( 6 3 O F )  (51OF) (57OF) 

Average wind speed 16.6 13 17 25 
km/hr 

Average annual precipitation 1,034 1 168 777 485 
mm (in) (41) (46) (30.5) (19) 

Average annual natural percolation 74 180 50 
(PERC) into groundwater system (2 .9 )  (7.1) (2.0) 

mm (in) 

Prec ip i t a t i on -evapora t i on  (PE) index 136 91 93 21 
o f  site vicinity 

Average silt context o f  site 65 50 85 65 
soils (%) 

Average cation exchange 15 10 12 5 

capacity (megA00g) 


Groundwater travel time (yrs) 


Waste to: 


o Water tabl’e 50 ’ 10 23 277 
o Site boundary 200 32 130 280 
o Population we1 1 2,500 400 2 y 100 580 
o Surface water body 5 000 800 3,800 880 

Distance (m) 


Waste to: 


o Water table 4 5 4 84 
o Site boundary 30 30 30 30 
o Population well 500 500 1,250 3 000 
o Surface water body 1,000 I y 000 2,500 6 ,000 

Average transportation distance 300 400 600 1,000 
to regional faci1ity (mi 1es) 
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Table 10.2 Retardation Coefficients 


Isotope 


H-3 

C-14 

Fe-55 

Ni-59 

Ni-63 

Co-60 

Sr-90 

Nb-94 

Tc-99 

1-129 

Cs-135 

Cs-137 

U- 235 
U- 238 
Np-237
Pu-238 

Pu-239/240

Pu-241 

Pu-242 

Am-241 

Am-243 

Cm-243 

Cm-244 


Assumed for Regional

Disposal Faci1ity Sites 


Regional Site 


NE SE MW 5w 

1 1 1 1 
10 10 10 10 

5,400 2,640 2,640 1,290 
3,600 1,750 1 790 860 
3,600 1,750 1,750 860 
3,600 1,750 1,750 860 

73 36 36 18 
10) 000 4,640 4,640 2,150 

5 4 4 3 
5 4 4 3 

720 350 350 173 
7) 200 350 350 173 
7,200 3,520 3,520 1,720 
7,200 3,520 3,520 1,720 
2,500 1) 200 1,200 600 
7) 200 3,520 3,520 1,720 
7,200 3,520 3 520 1,720 
7,200 3,520 3,520 1,720 
7,200 3,520 3,520 1,720 
2,500 1,200 1,200 600 
2,500 1,200 1y 200 600 
2,500 1,200 1,200 600 
2,500 1,200 1,200 600 

Table 10.3 	Population Distributions for the 

Regional Disposal Facility Sites 


Distance 

From Faci1ity 


0-5 miles 

5-10 miles 

10-20 miles 

20-30 miles 

30-40 miles 

40-50 miles 


Northeast 


3,400 

20) 500 
73,600 
121)600 
556,600 

1,012,800 


Southeast 


2,000 

8,100 


36 000 
125,000 
203,400 
104 900 

Midwest Southwest 


3,100 60 
5 000 180 
27,900 3,500 

104,200 9,100 

121,900 4,900 

359,100 27,200 
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The s i t e  i s  underlain by approximately 9 t o  23 m (30 t o  75 f t )  o f  compacted 
glacial  t i l l  frequently referred t o  as hardpan o r  fragipan. T h i n  and discon­
tinuous layers  of sand and gravel a re  observed loca l ly  i n  t h e  area.  Coarser-
grained sediments a re  pr inc ipa l ly  found i n  valleys and lowlands, and are  
associated with stream channel s .  Underlyi ng the g’laci a1 mantle a r e  f l a t - l y i  ng 
rocks consisting of marine, black, and gray shales and s i l t s t o n e s ,  w i t h  some 
t h i n  sandstone layers .  The predominant s o i l  types belong t o  the Brickton, 
Warren, Chi t ta  and Highland s e r i e s .  The parent material cons is t s  of ac id ic ,  
dense glacial  t i l l  having a low lime content. The s i t e  has slopes ranging 
from nearly level t o  moderately ro l l ing  and t h e  runoff po ten t ia l s  a re  corres­
pondingly variable.  The s o i l s  a r e  deep and generally poorly drained. Perme­
a b i l i t i e s  f o r  the uppermost foot  of so i  s a r e  moderate. However, the dense 
s i l t y  fragipan subsoil i s  of considerab e thickness and i s  highly impervious. 

Ground and Surface Water 

Ground water generally occurs where the bedrock and glacial  t i l l  meet. The 
depth t o  ground water a t  t h e  s i t e  averages about 1 2  meters. The amount of 
ground water avai lable  i n  the local upland area where the s i t e  i s  located i s  
largely l imited t o  t h a t  which reaches the zone o f  saturat ion from precipi ta­
t i o n  f a l l i n g  upgradient of the s i t e .  T h i s  recharge quantity i s  small because 
of the low permeability of the t i l l  and the heavily vegetated nature o f  the 
land surface which a c t s  t o  hold water i n  the  s u r f i c i a l  organic matter resu l t ing  
i n  g rea te r  l o s s  via evapotranspiration. Ground water occurrence i n  the  bedrock 
i s  l imited t o  secondary openings along f rac ture  zones and bedding planes. 
Generally, the fine-grained character associated w i t h  the  shales and s i l t s t o n e s  
i n h i b i t s  water movement. 

Ground water usage i n  t h i s  rural  s e t t i n g  i s  very low, although the qua l i ty  of 
ground water i n  t h e  unconsolidated deposits and upper shale  u n i t s  i s  generally 
good. Pumpage i s  l imited t o  widely sca t te red  wells serving as domestic supplies 
t o  local homes and farmsteads. Most of these rural  supplies a r e  obtained from 
bedrock wel ls ,  30 t o  6 1  m (100 t o  200 f t >  in depth, and having average y ie lds  
ranging between 23 t o  38 l i t e r s  per minute (6 t o  10 gpm). 

T h e  s i t e  v i c i n i t y  i s  generally sloping, w i t h  t o t a l  vegetative cover. The 
surface so i l s  and vegetation allow f o r  considerable re tent ion of prec ip i ta t ion ;  
only 20 t o  30 percent o f  p rec ip i ta t ion  becomes surface runoff. A strong 
cor re la t ion  e x i s t s  between stream discharge and prec ip i ta t ion  i n  the  s i t e  basin. 
Mean annual discharge a t  the o u t l e t  of the basin i s  about 1 m3/s (35 c f s ) ,  b u t  
a wide var ia t ion in flow occurs throughout the year. 

Meteorology 

The climate i n  t h e  area of the northeast  s i t e  i s  c l a s s i f i e d  as humid continen­

t a l ,  characterized by wide var ia t ions i n  seasonal prec ip i ta t ion  and temperature. 

Moisture sources f o r  prec ip i ta t ion  a r e  obtained from the southerly flow of 

Gulf a i r  during the summer, cyclones t h a t  o r ig ina te  i n  the  Great Lakes, and 

Atlant ic  coast  systems. Precipi ta t ion i s  uniformly d is t r ibu ted  over the year 

w i t h  the  grea tes t  average monthly amounts occurring during April through 

September i n  the  form o f  thundershowers. The average annual prec ip i ta t ion  i s  

approximately 1034 mm (41 in) .  
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The area i s  cha rac te r i zed  by d i s t i n c t  seasonal temperature v a r i a t i o n s .  Winters 
are predominant ly c o l d  w i t h  maximum temperatures ranging from 0 t o  2O0C (32 t o  
36OF), and n i g h t t i m e  minimums of from -9 t o  -7OC (15 t o  Z O O F ) .  The temperatures 
a re  g e n e r a l l y  m i l d  d u r i n g  June through August and maximum average temperatures 
range from 24 t o  26OC (75 - 78OF). 

The p r e v a i l i n g  wind d i r e c t i o n  i s  sou the r l y  f r o m  May through November and 
wes te r l y  d u r i n g  t h e  w i n t e r  and e a r l y ’ s p r i n g .  The average wind speeds d u r i n g  
these per iods a re  15.6 and 17.8 km/hr (8.4 and 9.6 knots), r e s p e c t i v e l y .  The 
average annual windspeed near t h e  s i t e  i s  16.6 km/hr (10.3 mph), and occurs 
f r o m  t h e  west-southwest d i r e c t i o n .  Thunderstorms occur on an average o f  about 
30 days pe r  year  and a re  more v igorous d u r i n g  t h e  warm season. Tornados a re  
n o t  common b u t  may occur between l a t e  May and l a t e  August. Freezing r a i n  
storms g e n e r a l l y  occur on one o r  more occasions d u r i n g  the  w i n t e r  b u t  are o f  
s h o r t  du ra t i on .  

Ecology 

The s i t e  i s  l o c a t e d  w i t h i n  the  Appalachian Highland d i v i s i o n  o f  t h e  Hemlock 
White Pine-Northern Hardwoods reg ion.  The r e g i o n  i s  cha rac te r i zed  by a pro­
nounced a l t e r n a t i n g  presence o f  dec id ious,  coni ferous,  and mixed f o r e s t  com­
muni t ies.  Approximately h a l f  o f  t he  county i s  c u r r e n t l y  used f o r  a g r i c u l t u r e ,  
w i t h  much o f  t he  remaining area covered by secondary f o r e s t  growth. 

The d isposal  f a c i l i t y  s i t e  i t s e l f  i s  p a r t i a l l y  forested.  The dominant species 
a re  sugar maple, American beech, y e l l o w  b i r c h ,  hemlock, and wh i te  pine. The 
immediate v i c i n i t y  o f  t he  f a c i l i t y  i s  a l s o  fo res ted  t o  a g r e a t  ex ten t ,  continuous 
w i t h  t h e  woodlands found ons i te .  

No s t a t e  o r  f e d e r a l l y  dec lared r a r e  o r  endangered species a re  known t o  occur 
ons i te .  A v a r i e t y  o f  mammalian species are found o n s i t e ,  t h e  most abundant 
be ing smal l  mammals such as t h e  wh i te - foo ted  mouse, s h o r t - t a i l e d  shrew, woodland 
jumping mice, and meadow vole.  Common medium-sized mammals i n c l u d e  woodchuck, 
oppossum, and gray s q u i r r e l .  W h i t e - t a i l e d  deer are a l s o  abundant i n  t h i s  
area. A moderate number o f  r e p t i l e s  have been a l s o  observed o r  a re  expected 
t o  occur w i t h i n  t h e  deciduous woodlands. The a f f e c t e d  aqua t i c  environment o f  
t h e  s i t e  i s  l i m i t e d  t o  P o i n t  Creek (2 m i  from t h e  s i t e  t o  t h e  east )  and i t s  
t r i b u t a r y ,  B o y l e  Creek (1m i  f r o m  the  s i t e  t o  the south). Both P o i n t  and 
Boyle Creeks a re  considered Class C waters, bes t  s u i t e d  f o r  r e c r e a t i o n a l  
f i s h i n g .  The major p r imary  producers o f  these waters c o n s i s t  o f  several  
genera o f  diatoms, green and blue-green algae. The most common phytoplankton 
are T u b e l l a r i a ,  F r a g i l l a r i a ,  A s t e r i o n e l l a ,  and C y c l o t e l l a .  

Land Use 

The general reg ion  i n  which the s i t e  i s  l oca ted  i s  comprised most ly  o f  f o r e s t e d  
l a n d  and a c t i v e  o r  i n a c t i v e  farmland. There are no farm dwe l l i ngs  o r  o the r  
residences l oca ted  ons i te .  The s i t e  i s  n o t  s u i t e d  f o r  any unique uses, b u t  
s o i l s  a re  considered t o  have p o t e n t i a l  f o r  farming. There i s  no s i g n i f i c a n t  
minera l  resource development w i t h i n  10 km (6 m i )  o f  t he  f a c i l i t y .  County 
p lans f o r  t h e  s i t e ,  which i s  n o t  i n  a v i s u a l l y  s e n s i t i v e  area, and surrounding 
l and  (2 t o  7 km) i nc lude  f o r e s t a t i o n  and compat ib le uses. 
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There are no known mineral resources of economical consequence within the 
vicinity of the northeast site. Recovery operations in the area are limited 
to a small bedrock quarry located one mile to the north, and a sand and gravel 
quarry located one mile to the east. No oil and gas reserves of economically
recoverable quantities are known to exist in the site area. 

10.3.1.2 Southeast Site 


The southeast site is assumed to be located within the Liptone Upland segment
of the Atlantic Coastal Plain physiographic province. For the purposes
of this E I S ,  the southeast site description is assumed to be consistent with 
the reference facility site described in Appendix E and Chapter 3. 

10.3.1.3 Midwest Site 


Falling within the central physiographic province, the midwest site rests at 

an average elevation of about 247 m (810 ft) above mean sea level. The general

topography of the site is that of a well dissected plain which is virtually

encircled by various branches of the West Fork of Finley Creek. The regional

topographic surface undergoes only small changes in relief. 


Geology and Soils 


A considerable thickness (approximately 35 m or 115 ft) of unconsolidated 
deposits underlies the site. Most of this is composed of a rather impermeable
glacial till consisting predominantly of pebbly and sandy clay and silt, and 
gumbotil. (Gumbotil is a clay-rich till produced as a result of thorough
chemical decomposition.) Portions of the glacial drift may contain sand and 
gravel pockets of limited areal extent. 

The bedrock consists of approximately 30 m (100 ft) of Mississippian age rocks 
belonging to the Dette and Adams series. The uppermost formation of the Dette 
series, which generally acts as an aquiclude to the underlying Karesh and Becker 
formations, is absent from the site area. The Karesh limestone is thin and 
discontinuous over the Becker. Both formations are chiefly dense, crystalline,
lithographic, or tightly cemented fragmental limestones and dolomites with very
low porosities. The basal 3 m (10 ft) of the Becker consists of cherty sand­
stone. Underlying the Dette series are the dense, cherty dolomites and limestones 
of the Adam series. These two series make up what is known as the Mississippian
Aquifer. They are underlain by approximately 400 feet of siltstones and shales 
of Devonian age that serve as a good aquiclude to the underlying Devonian Aquifer. 

Soi1s 

The entire area in which the site is located is covered by about 3 to 3.5 m 
(10 to 12 ft) of Wisconsin loess which is the parent material of the site 
soils. The predominant soil types are silty clay loams belonging to the 
Wancho, Houlik, and Lyle series. These soils are generally moderately slow t o  
moderately well-drained and have permeabilities ranging between 5 and 50 mm/hr
(0.2 to 2.0 in/hr). 
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Ground and Surface Water 

Ground water o f  apprec iab le amounts occur c h i e f l y  i n  sand and gravel  deposi ts  
assoc iated w i t h  g l a c i a l  d r i f t  and b u r i e d  channel systems. These " d r i f t  a q u i f e r s "  
a re  no tab ly  l i m i t e d  i n  a rea l  ex ten t ,  though they sometimes serve as a source 
f o r  farmsteads and l i v e s t o c k  d r i n k i n g  water. 

The depth t o  t h e  seasonal ly h i g h  ground-water t a b l e  under t h e  s i t e  i s  expected 
t o  be about 12 m (38 f t)  from t h e  ground surface. Local ground-water movement 
i n  t h e  d r i f t  a q u i f e r  w i l l  be governed by t h e  topography, d r a i n i n g  toward and 
be ing  discharged i n t o  t h e  var ious branches o f  t he  West Fork o f  F i n l e y  Creek. 
Ground water from the  s u r f i c i a l  a q u i f e r ,  and a l s o  from t h e  shal low bedrock 
a q u i f e r ,  can be expected t o  discharge t o  the  b u r i e d  a l l u v i a l  deposi ts .  

Ground-water usage i n  the  area i s  l i m i t e d  t o  consumption as needed by l o c a l  
homes and farmsteads f o r  domestic, i r r i g a t i o n ,  and l i v e s t o c k  suppl ies.  It i s  
est imated t h a t  t h e  m a j o r i t y  o f  w e l l s  t a p  M i s s i s s i p i a n  a q u i f e r s  and t o  a l esse r  
degree, the d r i f t  aqu i fe rs .  Y i e l d s  o f  l e s s  than 76 lpm (20 gpm) a re  the  r u l e  
f o r  t h i s  area. 

The s i t e  i s  l o c a t e d  i n  an l o c a l e  t h a t  i s  undergoing d i s s e c t i o n  as a r e s u l t  o f  
recen t  c l i m a t i c  change. Approximately 90% o f  t h e  streams i n  the  drainage area 
a r e  i n t e r m i t t e n t ,  f l o w i n g  on ly  6 t o  8 months o f  t h e  year.  

Meteorology 

The area has a humid c o n t i n e n t a l  c l ima te ,  w i t h  a t o t a l  annual l o c a l  p r e c i p i t a t i o n  
o f  777 mm (30.5 i n ) .  Approximately two- th i rds  o f  t h e  annual p r e c i p i t a t i o n  
occurs d u r i n g  t h e  months o f  A p r i l  through September. The source o f  t h i s  
p r e c i p i t a t i o n  i s  t he  warm moist  sou the r l y  a i r  f r o m  t h e  Gu l f  o f  Mexico. The 
normal mean snowfa l l  f o r  t he  s i t e  area i s  approximately 686 mm (27 i n ) .  

The average annual temperature i n  the  s i t e  v i c i n i t y  i s  approximately l l o G  
(51.OoF). J u l y  i s  t h e  h o t t e s t  month, having an average d a i l y  maximum o f  31°C 
(87OF) and an average d a i l y  minimum o f  18OC (64OF). Dur ing January, t he  c o l d e s t  
month, t h e  d a i l y  temperature range i s  approximately -0.6OC ( 3 1 O F )  t o  - l l ° C  
(12°F). 

The p r e v a i l i n g  wind d i r e c t i o n  a t  t h e  s i t e  i s  sou the r l y  a t  an average speed o f  
17 km/hr (9.0 knots). Dur ing t h e  months November through March, a no r thwes te r l y  
wind component develops i n  response t o  t h e  Canadian c o l d  a i r  outbreaks. Wind 
speeds d u r i n g  these months average 22 km/hr ( 1 2 . 1  knots). Severe weather 
events such as thunderstorms and tornados occas iona l l y  occur d u r i n g  midspr ing 
t o  l a t e  summer. 

Ecology 

The n a t u r a l  vege ta t i on  w i t h i n  t h e  v i c i n i t y  o f  t h e  s i t e  i s  a m ix tu re  o f  oak-hickory 
f o r e s t  and bluestem p r a i r i e .  The f o r e s t  community occurs p r i m a r i l y  a long 
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valley slopes and upland ridges. Big bluestem is the dominant grassland plant
where the prairie remains. However, most of this area is cropland. The two 
major land uses in the county are pastureland (24 percent) and row crops
(65 percent), with corn and soybeans representing the dominant crops. Almost 
60 percent of the land area adjacent to the site is planted in corn. 

No federally declared endangered or threatened species have been observed at 
or near the site. The most common mammals found onsite and within a five-mile 
radius are those for which corn is a predominant food source and can live in 
proximity to man. The most abundant species include the raccoon, striped
skunk, eastern cottontail, opossum, and fox squirrel. Several burrowing
mammals are also found in the area, primarily in fields not actively cultivated. 
Numerous resident bird species are also found onsite and in the surrounding
cornfields. The most common species found, and which feed extensively on 
corn, i nclude the redwing , cardinal , meadow1ark, purple grackle, and common 
crow. Resident.birds of prey include red-tailed hawk and great horned owl. 
Transient species include the coopers hawk, broad-winged hawk, and red-
shouldered hawk. As a result of ongoing agricultural activities, the reptiles
and amphibian population of the area is limited. 

The West Fork of Finley Creek and its tributaries are Class B warm waters. 
Although the soils along the stream banks are moderately to highly erodable, 
the vegetated banks limit the amount of  sediments that enter the streams. No 
federally declared endangered or threatened fish or snails are expected in 
these streams. 

Land Use 


The site is located on an area extensively used for cultivation of crops,
mostly corn. Five houses are located within 5 km of the site. The site 
vicinity contains 4 towns--Mica, Grendle, Reed, and Lyme--but most of the land 
is not developed intensively. Hayer Industrial Park (10 acres) is located 
4.8 km from the site. There are no other community facilities, historic 
places, or other visually sensitive land uses within an 8 km radius. TWCJ 
state-owned lands, however, are located within 24 km of  the site. 

The chief source of economically important resources in the state lies in the 
substantial coal resources associated with Pennsylvanian age rocks. No such 
deposits occur under the site as the initial bedrock encountered is of 
Mississipian age. There is a potential for some natural gas deposits. However, 
the Ordivician source rocks are thin, making recovery unconsequential and 
uneconomical. 

10.3.1.4 Southwest Site 


The southwest site is assumed to be located within the Great Plains physio­

graphic province. Regional topography shows sharply contrasting flat plains

and rolling-to-rugged erosional breaks. The site has an estimated average

elevation of 1219 m (4,000 ft) above mean sea level. As is characteristic of 

the area, the site is flat. Drainage is to the southeast and southwest to 

various intermittent branches of Hotsprings Creek. 
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Geology and Soi l s  

Below a th in  surface cover of loam and clay-loam so i l  are  Pliocene age sedimen­
ta ry  deposits of the Bixler formation. These sediments were eroded from the 
ancient Rocky Mountains and transported by streams t o  t h i s  area.  Because of 
t h e i r  or igin of deposit ion,  t h e i r  character varies b o t h  ve r t i ca l ly  and h o r i ­
zontal ly .  As a general ru l e ,  however, the sand and gravels a re  in the basal 
portion of the formation. 

The Bixler Formation i s  about 91  m (300 f t )  th ick i n  the s i t e  area.  The upper 
1 2  t o  15 m (40 t o  50 f t )  i s  composed of ca l iche ,  a calcium-rich, carbonate-
impermeable sandy clay s imilar  t o  a hardpan. Underlying the cal iche i s  approx­
imately 15 m (50 f t )  of dense, brown clay. Thin, discontinuous s t reaks of 
sand a re  a l so  associated with the clays.  The balance of the Bixler i s  composed 
pr incipal ly  of sand and gravel which extends down t o  the eroded surface of the 
Tr i a s s i c  rocks. The Tr iass ic  shales and sandstones belonging t o  the Maxwell 
group are  estimated t o  be about 152 m (500 f t )  th ick  i n  the s i t e  area. The 
f i r s t  material encountered under the permeable Bixler s t r a t a  i s  a red clay,  
indicat ive of the weathered shale surface. 

The predominant so i l  types underlying the s i t e  a re  loams and clay loams belong­
ing t o  the S tarb le ,  Nester, Wixman, and Jeeper s e r i e s .  These are  moderately 
f ine  textured,  calcareous,  wind-blown sediments derived mostly from a l luv ia l  
outwash from the Rocky Mountains. Because r a in fa l l  i s  low, there a re  long, 
dry periods,  and so i l  development has been slow. The s o i l s  a re  seldom wet 
below the r o o t  zone, and, as a r e s u l t ,  many of the s o i l s  have a horizon o f  
powdery lime accumulation. 

Ground and Surface Water 

The Bixler formation is  an unconfined aquifer w i t h  very l imited consumptive 
use. The water occurs under water-table conditions,  and differences in the 
thickness of the water-saturated material a re  c losely re la ted  t o  the thickness 
of the Bixler formation. The saturated thickness underneath the s i t e  i s  only 
about 7 .6  m (25 f t )  as the water tab le  l i e s  some 84 m (275 f t )  below ground 
surf ace. 

The source of water (recharge) t o  the Bixler,  and thence t o  the Tr iass ic  
rocks, i s  p rec ip i ta t ion  on i t s  more permeable surfaces.  The amount o f  precip­
i t a t i o n  t h a t  enters  the ground water i s  a very small percentage of the to t a l  
p rec ip i ta t ion  f a l l i n g  a t  the surface.  I t  has been estimated t h a t  l e s s  than 
1mm w i l l  reach the ground water annually. Due t o  the rather  impervious 
nature of the onsi te  su r f i c i a l  mater ia ls ,  most of the prec ip i ta t ion  will  be 
l o s t  by evaporation o r  drain t o  Hotsprings Creek as runoff. Part of t h i s  
runoff will  percolate downward through the coarser stream deposits and enter  
the ground water regime. T h i s  probably cons t i tu tes  the major source of recharge 
within the area of the s i t e .  Some i n f i l t r a t i o n  may work i t s  way t h r o u g h  the 
fractured portions of the cal iche and slowly downward t o  the water t a b l e ,  b u t  
t h i s  i s  of l imited quantity.  
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With t h e  l i m i t e d  p r e c i p i t a t i o n  i n  the  reg ion,  streams f l o w  i n t e r m i t t e n t l y  
throughout t h e  year.  A wide v a r i a t i o n  i n  discharge occurs a t  t he  s i t e .  Since 
no base f l o w  i s  known t o  occur i n  t h e  area, p r e c i p i t a t i o n  accounts f o r  a l l  o f  
t h e  stream discharge. Shor t  du ra t i on ,  h i g h  i n t e n s i t y  thunderstorms account 
f o r  t h e  peak discharges f r o m  t h e  s i t e .  

Meteor01bgy 

The c l i m a t e  of t h i s  s i t e  i s  considered semiar id,  which i s  cha rac te r i zed  by low 
humid i ty ,  wide temperature and p r e c i p i t a t i o n  v a r i a t i o n s ,  and f requent  windstorms. 
The average annual p r e c i p i t a t i o n  f o r  t he  s i t e  area i s  approximately 485 mm 
(19 inches).  Departures from the  norm can be g r e a t  w i t h  extreme y e a r l y  t o t a l s  
ranging from 243 t o  1010 mm (9.56 t o  39.75 i n ) .  Near ly th ree -quar te rs  of t he  
t o t a l  annual p r e c i p i t a t i o n  occurs d u r i n g  t h e  months A p r i l  through September, 
p r i m a r i l y  i n  t h e  f o r m  o f  thundershowers. 

The average annual temperature f o r  t he  s i t e  area i s  about 14OC (57OF). Maximum 
temperatures occur i n  t h e  mid-summer months o f  June, J u l y ,  and August. Rapid 
and wide v a r i a t i o n s  are common, e s p e c i a l l y  d u r i n g  t h e  w i n t e r  months when c o l d  
f r o n t s  from t h e  Rocky Mountain and P l a i n s  States sweep across t h e  p l a i n s .  
Temperature drops up t o  16OC (6OOF) o c c u r r i n g  w i t h i n  a 12-hour p e r i o d  may be 
associated w i t h  these f r o n t s .  The h ighes t  recorded temperature i n  the  r e g i o n  
was 42OC (108OF) and t h e  lowest  was -27OC (-16OF). 

The p r e v a i l i n g  winds from March through October are sou the r l y  a t  25 km/hr 
(13.6 knots),  and southwester ly a t  2 1  km (11.4 knots) d u r i n g  t h e  w i n t e r  months. 
The annual mean speed f o r  a l l  d i r e c t i o n a l  components i s  24 km (13 knots) and 
sou the r l y .  These winds c o n t r i b u t e  t o  t h e  evaporat ion r a t e  associated w i t h  t h e  
reg ion.  The s t ronges t  winds genera l l y  occur i n  March and A p r i l  and are assoc­
i a t e d  w i t h  thunderstorm a c t i v i t y .  

Ecology 

The s i t e  area has been genera l l y  cha rac te r i zed  as Grama B u f f a l o  Grasslands. 
The most abundant n a t i v e  p l a n t  species a re  bu f fa log rass ,  and b l u e  grama. 
To ta l  ground cover i s  r e l a t i v e l y  dense, and tends t o  increase under grazing. 
The preponderance o f  grass species r e s u l t s  i n  l a r g e  q u a n t i t i e s  o f  organic  
m a t e r i a l s  i n  t h e  f o r m  o f  l i v i n g  and dead grass r o o t s  w i t h i n  t h e  f i r s t  t e n  t o  
twelve cent imeters o f  s o i l .  Although va r ious  species o f  t r e e s ,  i n c l u d i n g  
oaks, elms, and hackberr ies a re  o f t e n  found along stream f l o o d p l a i n s  and 
steep-wal led canyons, these a re  n o t  Found along Hotspr ings Creek, an i n t e r ­
m i t t e n t  stream, o r  i t s  i n t e r m i t t e n t  feeder streams which surround the  western, 
eastern,  and southern p o r t i o n s  o f  t h e  s i t e .  Federa l l y  dec lared endangered 
species have n o t  been observed w i t h i n  t h e  s i t e .  

The mammalian fauna o f  t h i s  general area inc ludes a t  l e a s t  50-60 species. 
Dur ing t h e  h o t  d a y l i g h t  hours, a l a r g e  number o f  mammals o f  t h i s  semiar id  
r e g i o n  l i v e  i n  burrows which they e i t h e r  d i g  themselves, o r  which they share 
o r  overtake from o the r  species. The l a r g e r  species which c r e a t e  t h e i r  own 
underground burrows i n c l u d e  t h e  badger, p l a i n s  pocket gopher, and s w i f t  fox.  
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Only the former two species were observed w i t h i n  1 km of the s i t e .  Many other 
species a l s o  d i g  t h e i r  own burrows, o r  use those of o thers ,  t o  escape the heat 
and predators,  t o  search f o r  food ( i n s e c t s ,  seeds, o r  other burrowing mammals) 
o r  t o  use as dens. However, these burrows a r e  generally shallow. 

Other nonburrowing mammals c h a r a c t e r i s t i c  of this  area and which have been 
noted ons i te  include the  coyote, pronghorn antelope, bobcat, jackrabbi t ,  g rea t  
p la ins  s k u n k ,  and eastern c o t t o n t a i l .  The mixed grass p r a i r i e  found onsi te  
and i n  the  general area a l so  affords su i tab le  habi ta t  t o  numerous resident  
b i r d  species.  The most common small b i r d s  include Western meadowlark, dick­
c i s s e l ,  bobolink, savanna sparrow, and prair ie  chicken. The most numerous 
resident  birds  o f  prey include the golden eagle,  horned owl, and burrowing
owl. Several species of l i zards  and snakes a l so  inhabi t  the s i t e .  The more 
common ones include the northern e a r l e s s  l i z a r d ,  p r a i r i e  l i z a r d ,  p r a i r i e  
ra t t lesnake ,  western diamondback ra t t lesnake ,  and bullsnake. 

The aquatic environment of the s i t e  is  l imited t o  Hotsprings Creek and two 
feeder streams, a l l  in termit tent .  After rainstorms when water does flow i n  
the  creeks and streams, aquatic biota  i s  l imited t o  a lgae,  insects  (which use 
the water t o  breed) and potent ia l  f i s h  species s u c h  as minnows and sunfish. 
These f i s h  survive the dry seasons by gathering i n  small pools of water t h a t  
may remain throughout the year ,  and are  then dispersed throughout the stream 
w i t h  the  flowing waters. 

Land Use 

The s i t e  region i s  a plain containing numerous parcels  of federa l ly  owned 
grassland. The s i t e  was pr iva te ly  owned before purchase by the s t a t e ,  and 
borders a federa l ly  owned parcel o f  the grasslands. There a re  no residences 
ons i te  o r  i n  the v i c i n i t y  (1mi) o f  the  s i t e .  Portions of the immediately 
adjacent land (approximately 30%) extend onto the federal ly  owned parcels ,  b u t  
most of i t  i s  pr iva te ly  owned. 

The only known mineral resource occurring in the s i t e  area i s  cal iche.  T h i s  
calcium carbonate cement i s  associated w i t h  sand and gravel deposits of the 
Bixler formation, and may be su i tab le  f o r  use as aggregate, however, these 
deposits a re  widespread throughout the e n t i r e  region and do not represent 
unique resources. 

Whereas numerous producing o i l  and gas wells have been d r i l l e d  i n  the  adjoining 
county, no h is tor ica l  production has occurred within the county i n  which the 
s i t e  i s  located. Prospect wells d r i l l e d  w i t h i n  proximity t o  the s i t e  have n o t  
indicated the  presence o f  o i l  o r  gas reserves of recoverable quantity.  

10 .3 .2  Assumed Regional Disposal F a c i l i t y  Designs and Waste Source Term 

T h i s  section provides a description of the disposal f a c i l i t i e s  assumed t o  be 
s i tua ted  a t  the regional s i t e s  discussed i n  the  preceding sect ion,  as well as 
the wastes which a r e  assumed t o  be disposed i n  the  f a c i l i t i e s .  The disposal 
f a c i l i t i e s  and waste forms described a r e  intended t o  provide an example of 
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p o t e n t i a l  impacts associated w i t h  d isposal  o f  waste according t o  t h e  minimum 
requirements o f  t h e  P a r t  6 1  r e g u l a t i o n .  These should n o t  be i n t e r p r e t e d  as 
rep resen t ing  t h e  bes t  o r  t h e  on ly  designs o r  waste forms which cou ld  be imp le ­
mented i n  compliance w i t h  t h e  r u l e .  There may be a number o f  ways i n  which 
t h e  P a r t  6 1  requirements may be met f o r  a s p e c i f i c  d isposal  f a c i l i t y ,  and 
compliance w i t h  the  P a r t  6 1  r u l e ,  as w e l l  as measures which may be implemented 
t o  reduce p o t e n t i a l  impacts t o  l e v e l s  as l o w  as reasonably achievable,  would 
be evaluated on a case-by-case bas is .  The examples, r a t h e r ,  are in tended t o  
i l l u s t r a t e  an upper bound range o f  impacts from implementation o f  t he  r u l e ,  
w i t h  the  expec ta t i on  t h a t  a c t u a l  impacts from implementation o f  t he  r u l e  a t  
e x i s t i n g  o r  f u t u r e  d isposal  f a c i l i t i e s  would be l e s s .  

Assumed F a c i l i t y  Designs 

The design assumptions f o r  t h e  f o u r  reg iona l  d isposal  f a c i l i t i e s  are summarized 
i n  Table 10.4. As shown, t h e  assumed design cases a l l  i n v o l v e  d isposal  i n  
" regu la r "  shal low l a n d  b u r i a l  d isposal  c e l l s .  A l l  d isposal  c e l l s  f o r  t h e  f o u r  
reg iona l  s i t e s  a re  assumed t o  be const ructed t o  8 meter depths below the  
e a r t h ' s  surface. This  in t roduces an a d d i t i o n a l  conservatism regard ing i n t r u d e r  
and e ros iona l  impacts c a l c u l a t e d  f o r  t h e  southwest s i t e ,  s ince t h e  g r e a t  depth 
t o  t h e  water t a b l e  a t  t h i s  s i t e  would a l l o w  c o n s t r u c t i o n  t o  much g rea te r  depth 
than a t  t h e  o the r  t h r e e  s i t e s .  A l l  cases assume segregated d isposal  o f  waste 
streams c o n t a i n i n g  organic  chemicals as w e l l  as low a c t i v i t y  unstable waste 
streams c o n t a i n i n g  compressible m a t e r i a l .  Layer ing i s  used as an i n t r u d e r  
b a r r i e r .  

The p r i n c i p a l  d i f f e r e n c e s  among t h e  f o u r  cases l i e s  i n  the  methods t o  l i m i t  
con tac t  o f  water w i t h  disposed waste and t o  minimize long-term maintenance 
requirements. F o r  t h e  t h r e e  humid s i t e s  (nor theast ,  southeast, and midwest), 
a mois ture b a r r i e r  i n  t h e  f o r m  o f  a t h i c k  c l a y  cap i s  i n s t a l l e d  and compacted 
us ing  standard c o n s t r u c t i o n  techniques. In t h e  southwest s i t e ,  t he re  i s  
assumed t o  be considerably  l e s s  concern rega rd ing  ground-water m i g r a t i o n  due 
t o  t h e  extreme depth o f  t h e  water t a b l e  and the  semiar id  c l ima te .  I n  t h i s  
case, t h e  standard " t h i n "  cap i s  assumed t o  be i n s t a l l e d .  S i m i l a r  t o  t h e  
humid s i t e s ,  however, t h e  disposed waste, b a c k f i l l ,  and cap are assumed t o  be 
compacted us ing  improved methods (e.g., a v i b r a t o r y  compactor). Th is  helps t o  
reduce vo ids w i t h i n  t h e  d isposal  c e l l  and t h e r e f o r e  reduces t h e  p o t e n t i a l  f o r  
s e t t l i n g  and f u r t h e r  reduces p o t e n t i a l  long-term maintenance costs.  

Due t o  t h e  r e l a t i v e l y  impervious nature o f  t h e  s o i l s  a t  t h e  nor theast  s i t e ,  
t h e r e  i s  a grea te r  chance f o r  a water accumulation problem than a t  t he  o t h e r  
two humid s i t e s .  For t h i s  case, t h e r e f o r e ,  and t o  p rov ide  one case f o r  ana lys i s  
o f  a more extreme engineer ing design, increased a t t e n t i o n  (and expense) i s  
assumed t o  be p a i d  t o  s t a b i l i z i n g  t h e  d isposal  f a c i l i t y .  Th is  i s  represented 
by t h e  assumption t h a t  a l l  waste packages are stacked i n t o  d isposal  c e l l s  and 
grouted i n  p lace.  I n  t h e  o the r  humid d isposal  f a c i l i t y  s i t e s ,  an imported 
sand b a c k f i l l  i s  assumed to be used t o  reduce t h e  con tac t  t ime o f  p e r c o l a t i n g  
water. Since t h e  s o i l s  a t  these s i t e s  are more permeable than those a t  t he  
no r theas t  s i t e ,  t h e r e  i s  a l e s s e r  p o s s i b i l i t y  o f  a water accumulation problem 
i n  t h e  d isposal  c e l l s  c o n t a i n i n g  unstable waste streams. A t  t h e  southwest 
s i t e ,  t h e  o r i g i n a l l y  excavated m a t e r i a l  from t h e  s i t e  i s  used as b a c k f i l l .  
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Table 10.4 Design Assumptions for Regional

Disposal Facilities 


Northeast 


Southeast 


Midwest 


Southwest 


Regular SLB trench 

Use of a thick clay cap

Compaction using improved methods 

Segregation of wastes containing organic chemicals 

Segregation o f  compressible wastes 

Stacked disposal o f  waste 

Grouting emplaced between waste packages

Layering used as an intruder barrier 

Humid site having low permeable soils 


Regular SLB trench 

Use o f  a thick clay cap

Compaction using improved methods 

Segregation o f  wastes containing organic chemicals 

Segregation o f  compressible wastes 

Random disposal o f  waste 

Use o f  a sand backfill 

Layering used as an intruder barrier 

Humid site having moderately permeable soils 


Regular SLB trench 

Use of a thick clay cap

Compaction using improved methods 

Segregation of wastes containing organic chemicals 

Segregation o f  compressible wastes 

Random disposal o f  waste 

Use o f  a sand backfill 

Layering used as an intruder barrier 

Humid site having moderately permeable soils 


Regular SLB trench 

Use of a "standard" cap

Compaction using improved methods 

Segregation of wastes containing organic chemicals 

Segregation of compressible wastes 

Random disposal o f  waste 

Backfi 1 1  with originally excavated soi1s 

Layering used as an intruder barrier 

Semiarid site having highly permeable soils 
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A l l  r eg iona l  f a c i l i t i e s  a r e  assumed t o  be operated f o r  20 years,  f o l l owed  by 

a two-year c l o s u r e  p e r i o d  and a f i v e - y e a r  observat ion p e r i o d  p r i o r  t o  l i c e n s e  

t e r m i n a t i o n  and t r a n s f e r  o f  s i t e  c o n t r o l  t o  t h e  s i t e  owner. 


Assumed Waste Forms 


I n  t h e  ana lys i s ,  t h e  h ighe r  a c t i v i t y  waste streams a re  assumed t o  be s t a b i l i z e d .  

A number o f  techniques may be p o t e n t i a l l y  used t o  achieve waste s t a b i l i t y ,  

ranging from s o l i d i f i c a t i o n  t o  improved waste packaging. To p rov ide  a range 

o f  cos ts  and impacts f o r  t h e  c a l c u l a t i o n ,  t h e r e f o r e ,  two waste spec t ra  are 

considered: waste spect ra 2 and waste spect ra 1mod i f i ed  by use o f  h igh- 

i n t e g r i t y  conta iners.  I n  waste spectrum 2 ,  a l l  o f  t h e  LWR process waste 

streams a re  assumed t o  be s o l i d i f i e d .  H a l f  a re  s o l i d i f i e d  i n  cement and h a l f  

i n  a s y n t h e t i c  polymer b inder .  Waste streams f o r  which most o f  t h e  a c t i v i t y  

i s  p r i n c i p a l l y  conta ined i n  a c t i v a t e d  metal (P-NCTRASH, B-NCTRASH, L-NFRCOMP, 

N-HIGHACT) a re  s t a b i l i z e d  us ing  improved packages (e.g., f i l l i n g  v o i d  spaces 

w i t h i n  the  package w i t h  a noncompressible m a t e r i a l ,  use o f  h i g h  i n t e g r i t y  

conta iners,  e t c . ) ,  as i s  t h e  N-ISOPROD stream. 


I n  mod i f i ed  waste spectrum 1, LWR process waste streams except f o r  s o l i d i f i e d  

concentrated l i q u i d s  (P-CONCLIQ and 5-CONCLIQ) a re  packaged i n  h i g h - i n t e g r i t y  

conta iners.  Concentrated l i q u i d s  a re  s t i l l  assumed t o  be s o l i d i f i e d .  High-

i n t e g r i t y  con ta ine rs  are a l s o  used f o r  packaging two waste streams c o n t a i n i n g  

l a r g e  q u a n t i t i e s  o f  t r i t i u m  (N-TRITIUM and N-TARGETS). The o the r  h igher  

a c t i v i t y  waste streams (P-NCTRASH, B-NCTRASH, L-NFRCOMP, N-HIGHACT, and N-ISOPROD) 

are  again assumed t o  be s t a b i l i z e d  through improved packaging techniques o r  

h i  gh- i  n t e g r i  t y  con ta i  ners. 


The two waste spectra--spectrum 2 and mod i f i ed  spectrum 1--are assumed t o  be 

a p p l i e d  i n  the ana lys i s  t o  a l l  f o u r  reg iona l  d isposal  f a c i l i t i e s  w i t h o u t  

cons ide ra t i on  o f  p o s s i b l e  a d d i t i o n a l  waste form requirements t h a t  cou ld  be 

implemented a t  a p a r t i c u l a r  s i t e .  An example requirement would be t h e  pro­ 

h i b i t i o n  o f  c e r t a i n  types o f  organic  chemicals a t  a p a r t i c u l a r  humid s i t e .  

I n  add i t i on ,  a t  t h e  nor theast  s i t e  the re  c o u l d  be a requirement f o r  use o f  

st ronger ,  more l o n g - l a s t i n g  waste con ta ine rs  f o r  t h e  unstable waste streams. 

These and o t h e r  p o t e n t i a l  a d d i t i o n a l  requirements-were conserva t i ve l y  ( i n  terms 

o f  ground-water impacts) ignored i n  t h e  ana lys i s .  


I n  the ana lys i s ,  t h e  volumes o f  waste p r o j e c t e d  t o  generated i n  each r e g i o n  

over a 20-year p e r i o d  a re  processed according t o  t h e  waste spect ra considered 

and d e l i v e r e d  t o  t h e  d isposal  f a c i l i t y .  Th is  r e s u l t s  i n  a range i n  p r o j e c t e d  

waste volumes ( i n  m3) f o r  each r e g i o n  as fo l l ows :  


Waste Spectrum Northeast Southeast Midwest Southwest 

Mod i f i ed  spectrum 1 9.92E+5 1.07E+6 7.56E+5 7.26E+5 

Spectrum 2 6.85E+5 7.51E+5 5.29E+5 4.91E+5 
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As shown, t h e  l a r g e s t  volumes a re  p r o j e c t e d  f o r  t he  southeast region. 

10.3.3 Resul ts  o f  t h e  Regional Analys is  

This  s e c t i o n  presents  a d i scuss ion  o f  t he  i n d i r e c t  unmi t igated impacts o f  
implementat ion o f  t h e  P a r t  6 1  r u l e  based on a n a l y s i s  o f  t h e  above reg iona l  
cases. ?he s e c t i o n  i s  d i v i d e d  i n t o  subsections as fo l l ows :  10.3.1, long-term 
r a d i o l o g i c a l  impacts; 10.3.2, shor t - term r a d i o l o g i c a l  impacts; 10.3.3, costs ;  
and 10.3.4, o the r  impacts ( i n c l u d i n g  nonquan t i f i ab le  impacts such as impacts 
t o  b i o t a  and c u l t u r a l  resources). 

10.3.3.1 Long-Term Radi o l  og i  c a l  Impacts 

Long-term r a d i o l o g i c a l  impacts f o r  t h e  reg iona l  case study a re  summarized on 
Tables 10.5 and 10.6. P o t e n t i a l  i n d i v i d u a l  and popu la t i on  i n t r u d e r  impacts 
a re  summarized on Table 10.5, as are p o t e n t i a l  e ros iona l  impacts. Ground­
water impacts a r e  summarized on Table 10.6. A range o f  impacts are shown i n  
Tables 10.5 and 10.6, corresponding t o  t h e  assumed use o f  e i t h e r  modif ied 
waste spectrum 1 o r  waste spectrum 2 t o  achieve s t a b i l i t y  o f  t h e  h ighe r  
a c t i v i t y  waste streams. 

P o t e n t i a l  i n t r u d e r  and eros ional  impacts f o r  t h e  reg iona l  case study a re  
summarized on Table 10.5. I n d i v i d u a l  i n t r u d e r  impacts a r e  summarized f o r  
t h r e e  organs (whole body, bone, and lung) f o r  bo th  t h e  i n t r u d e r - c o n s t r u c t i o n  
scenar io  and the  i n t r u d e r - a g r i c u l t u r e  scenar io  a t  t ime pe r iods  equal t o  100 
and 500 years f o l l o w i n g  d isposal  f a c i l i t y  c losure.  Populat ion i n t r u d e r  
impacts a r e  a l s o  summarized as est imated a t  100 years f o l l o w i n g  f a c i l i t y  
c losure.  A i rborne impacts are presented f o r  whole body, bone, and l u n g  as 
t o t a l  popu la t i ona l  exposures ( i n  man-mrem) t o  persons l i v i n g  w i t h i n  50 m i l e s  
o f  t h e  d isposal  f a c i l i t y .  Waterborne impacts a re  presented f o r  whole body, 
bone, lung, and t h y r o i d  t o  an i n d i v i d u a l  who i s  assumed t o  use water from a 
sur face stream contaminated from over land f l o w  o f  m a t e r i a l  re leased from t h e  
f a c i l i t y  by t h e  i n t r u d e r .  P o t e n t i a l  e ros iona l  impacts a re  a l s o  shown as 
impacts t o  popu la t i ons  f a r  a i rbo rne  re leases and as impacts t o  an i n d i v i d u a l  
f o r  waterborne releases. These a re  c a l c u l a t e d  a t  a t ime p e r i o d  equal t o  2000 
years f o l l o w i n g  f a c i l i t y  c losu re  f a r  t h e  3 humid s i t e s  and a t  1000 years 
f o l l o w i n g  f a c i l i t y  c losu re  f o r  t h e  southwest s i t e .  

A S  shown, t h e  l i m i t i n g  i n d i v i d u a l  i nadve r ten t  i n t r u d e r  impacts appear t o  be t o  
t h e  bone. I n  t h e  ana lys i s ,  t h e  assumed use o f  g r o u t i n g  t o  s t a b i l i z e  t h e  
no r theas t  s i t e  r e s u l t s  i n  reduced exposures r e l a t i v e  t o  t h e  southeast and 
midwest s i t e s .  For these l a t t e r  two s i t e s ,  i nadve r ten t  i n t r u d e r  exposures 
averaged over t h e  t o t a l  waste volume disposed a t  t he  s i t e s  range from about 1 5  
t o  35 mrem a t  100 years b u t  drop t o  a f e w  (4 t o  9) mrem a t  500 years.  I f  the  
long-term r e d u c t i o n  i n  i n t r u d e r  exposures brought about by t h e  g r o u t i n g  i s  d i s ­
counted f o r  t h e  no r theas t  s i t e ,  then p o t e n t i a l  exposures a t  500 years would be 
expected t o  be s i m i l a r  t o  those f o r  t h e  southeast and midwest s i t e s .  

I n  t h e  ana lys i s ,  t h e  increased volume r e d u c t i o n  associated w i t h  waste spectrum 2 
r e s u l t s  i n  h igher  o v e r a l l  r a d i o n u c l i d e  concentrat ions then f o r  mod i f i ed  spectrum 1, 
w i t h  r e s u l t i n g  s l i g h t l y  h ighe r  est imated impacts. I n  t h e  ana lys i s ,  no c r e d i t  has 
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been taken f o r  improved waste forms t o  reduce dispersion and p lan t  r o o t  uptake. 
This improved waste form would tend t o  reduce intruder  exposures fo r  waste 
spectrum 2. 

As shown ,  t he  highest  individual intruder  exposures a re  estimated t o  occur a t  
%he southwest  s i t e .  These exposures r u n  a t  about 46 mrem t o  bone b u t  a re  
s t i l l  a f ac to r  of 10 l e s s  than the  500 mrem l imi t .  The increased exposure i s  
due t o  the increased s i l t  content of the  s i t e  s o i l s  as  well as  the increased 
wind speeds r e l a t i v e  t o  the o t h e r  th ree  s i t e s .  These impacts a re  believed t o  
be very conservative,  s ince the  grea t  depth t o  the water t a b l e  allows disposal 
a t  much grea te r  d e p t h s  than a t  the  other  th ree  s i t e s - - fu r the r  reducing the  
poten t ia l  fo r  inadvertent in t rus ion  in to  the more highly ac t ive  waste streams. 

W i t h  respect  t o  t he  southwest s i t e ,  the  opposite trend i s  seen f o r  the  intruder  
airborne population impacts. These r u n  a t  a few orders o f  magnitude l e s s  than 
f o r  the other  two s i t e s  and a re  pr inc ipa l ly  due t o  the  low population density 
i n  the  environs o f  the  s i t e .  On the  other  hand, the  waterborne impacts a l l  
appear t o  be comparable fo r  the four f a c i l i t i e s  and a re  a l l  very low--i .e. ,  on 
the  order of 10 mrem o r  l e s s .  

The int ruder  population airborne and waterborne impacts may be compared t o  
those f o r  the assumed erosion event. ( I t  may be repeated t h a t  disposal f a c i l ­
i t i e s  under the  Part  61  regulation would be s i t e d  t o  avoid problems with 
erosion,  and the  estimates a r e ,  therefore ,  a ra ther  improbable upper bound o f  
potent ia l  impacts.) The airborne impacts a re  again reasonably comparable fo r  
the  three humid s i t e s  and (due t o  t h e  lower expected population density) a few 
orders of magnitude l e s s  f o r  t he  southwest s i t e .  Waterborne impacts a re  glso 
more o r  l e s s  comparable, w i t h  the  highest  impacts a t  1 .7  mrem ( t o  bone) and 
occurring a t  %he southwest s i t e .  This i s  s t i l l  l e s s  than the ground-water 
migration l i m i t  of 4 mrem a t  the nearest  drinking water supply. 

As shown in  Table 10 .6 ,  the  highest  exposures due t o  ground-water migration a re  
t o  the  thyroid,  although i n  a l l  cases t h e  performance object ives  as  s e t  o u t  in  
Chapters 4 and 5 f o r  inadvertent intrusion and ground-water migration a re  met. 
The estimated impacts r e f l e c t  the  d i f f e r ing  volumes of waste streams and corre­
sponding radionuclide inventories within each regional f a c i l i t y ,  as  well as  t h e  
d i f f e r ing  environmental cha rac t e r i s t i c s  of each regional s i t e .  Of the  three  
humid regional disposal f a c i l i t i e s  considered (northeast ,  southeast ,  and midwest),
reasonably comparable impacts a re  estimated a t  the intruder  well and the  boundary 
well. For the in t ruder  wel l ,  the  highest  exposures t o  whole body and bone 
( - 8  mrem and 1 mrem, respect ively)  occur a t  the  northeast  s i t e .  Intruder  well 
exposures t o  thyroid a re  very s imi la r  among the three humid s i tes ,  w i t h  t h e  
highest  exposures (7  mrem) occurring a t  the  midwest s i t e ,  followed by the  n o y t h ­
e a s t  s i te .  For t h e  boundary wel l ,  the  highest  exposures t o  whole body and bone 
(.04 mrem and . 0 3  mrem, respect ively)  a r e  estimated f o r  the  southeast  s i t e ,  while 
the highest  thyroid exposures (7 mrem) a re  again estimated f o r  t h e  midwest s i t e .  

Of the three  humid regional s i t e s ,  the  southeast  i s  assumed t o  experience the  
l a r g e s t  percolation component (PERC)  as  well as  t he  quickest  ground-water 
t rave l  times t o  biota  access locat ions.  In addi t ion ,  the  midwest and southeast  
s i t e  s o i l s  a r e  assumed t o  have moderate re ta rda t ion  c a p a b i l i t i e s  (NRET=3) 
while the  re ta rda t ion  capabi l i ty  of the  northeast  s i t e  s o i l  i s  higher (NRET=4). 
The influence o f  these f ac to r s  i s  c l ea r ly  seen in calculated exposures f o r  the  
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population well and the surface water body. The highest estimated population 
well and surface water body exposures occur a t  the southeast s i t e .  Population 
well thyroid exposures fo r  the midwest s i t e  a re  about 5 times less  than those 
f o r  the sout_heast s ihe.  Surface water exposures fo r  the midwest s i t e  a re  a l l  
l e s s  than 10 mrem a t  10,000 years following disposal f a c i l i t y  closure. 

The southwest s i t e  i s  somewhat of a d i f f e ren t  case. The s i t e  i s  assumed t o  be 
located in a semiarid area and a water balance calculat ion for  the s i t e  indi­
cated t h a t  due t o  the low ra in fa l l  and high evapotranspiration, e s sen t i a l ly  no 
prec ip i ta t ion  f a l l i n g  upon the s i t e  reaches the underlying aquifer.  For 
completeness in t h i s  analysis ,  however, a percolation coef f ic ien t  of I mm was 
conservatively assumed f o r  the s i t e .  The resu l t ing  estimated exposures a re  a 
few orders of magnitude l e s s  than those fo r  the other three s i t e s  a t  the intruder ,  
boundary, and population wells. The surface water body exposures are  n o t  presented 
f o r  the southwest s i t e ,  however. The c loses t  water body down-gradient of the 
s i t e  i s  an intermit tent  stream, and in any case, the water tab le  i s  located on 
the order of 80 meters below ground surface.  

10.3.3.2 Short-Term Radiological Impacts 

Short-term radiological impacts f o r  modified waste spectrum 1 and waste 
spectrum 2 are  summarized i n  Table 10.7.  Included in t h i s  tab le  a re  (1) 
potent ia l  impacts t o  populations ( i n  man-mrem) from transporting waste t o  the 
regional f a c i l i t i e s ,  (2) potent ia l  occupational impacts ( in  man-mrem) 
associated with processing, t ransport ing,  and disposing of waste within the 
region, and ( 3 )  potent ia l  impacts from an operational accident a t  the disposal 
f a c i l i t y  averaged across a l l  wastes transported t o  the f a c i l i t y .  

As shown, t ransportat ion impacts over 20 years range from about 420 t o  1 ,100 
man-rems, o r  about 2 1  t o  55 man-rems per year. O f  i n t e re s t  i s  the narrow 
range of impacts fo r  the three humid s i t e s  compared t o  the higher (about 
double) impacts calculated f o r  the southwest. The higher estimated impacts 
are  due t o  the greater  t ransportat ion distance f o r  the western region as 
compared t o  the other three regions (1,000 miles vs. 300 t o  600 miles). 

Occupational impacts a-re l i s t e d  as t o t a l  impacts over 20 years for  waste 
processing, t ransportat ion t o  the disposal f a c i l i t y ,  and waste disposal.  
Waste processing occupational exposures a re  presented as additional exposures 
t o  those associated with waste spectrum 1. 

Also included are  the occupational exposures t h a t  are  estimated t o  be associ­
ated with operation of a regional processing center .  For  waste spectrum 2 ,  
waste processing i s  assumed t o  consis t  o f  compaction of compressible waste 
streams by large compactor/shredders. This i s  l i ke ly  n o t  be a cost  e f fec t ive  
operation b u t  has been included f o r  completeness. I t  may also be of i n t e r e s t  
for  the sake of completeness t o  l i s t  occupational exposures and other impact 
measures estimated t o  be associated with incineration of the same waste streams 
a t  the regional processing centers .  These impact measures--population exposures 
due t o  airborne releases from the inc inera tors ,  occupational exposures from 
operation of the regional processing center ,  and costs--are l i s t e d  i n  Table 10.8 
A11 impacts a re  over 20 years of f a c i l i t y  operation. 



mu) 

16-26 

W
+ 
W O d d  
03 + + +  
0 w w wN o mA . . .  - o m. . .

b N L O  LONN 

Lo 

>, t 
W W O d d  
3 N + + +  
c, Lo W W U

N b mv, 
Lo ma03. . .a, 


v) LDNN 
4 
V 

F- Lo 
m t 
S W O d d  
0 b + + +  
.r (3, w w w

b m 0m . . . .  0 3 0 3 0aJ Lo d b ( D D N  . . .CK + e d m  
aJ 
r 

c, 


v) W L o u ) WL 9 
W t + + +0 N w w w wcc 	
0 O d d 0 3  . h 0 3 N b

v) 

c, 	 4 
U m cz c,E 

P
v)H W 

7 t mu) 
4 2 W t t  O d d  
V c, 0 w w  + + +  
-7 	

3 d m o  w w w  
0 0303 m b ( D-0 . .  . . .  -Na9) 	 m d 

I od-" . . .L n d m  m d d0 

*7 

W 1': 3 
m L Lo 
CK c, t + +  O O d  O d d  
E aJ 

W w w  + + +  + + +U d- d - m  w w w  w w w5- a Lo 00 u ) L o b  h a m  
. - W c D L o  

I-
. .  . . .  m m maJ m W I o m "  * . .

I a, d m d  M d dc, c,L v)
0 
r 
m Lo+ W ( D  
v- W W w waJ + t  
0 *r N N Wcc 0 m m>, *7 . .L W W 

I O W N 
m 0
E E
E 
a 

m In COCO+ 

W t +  O O d  O d d  
u) w w  + + +  + + +  

0 d d - 0  w w w  w w w  
d m d  . (DOLO 0 v ) m

* . m O N  
aJ 

4 I O L o l n  . . .  h d b. . .d m d  e d d  
7 

n 
m LI- aJ 

v) 


L
aJ 


F­

3 .- I 7 

v) aJ 
4 V 
aJ

E 


u 
m 
Q
E 
H 



10-27 


Table 10.8 Summary of Population Exposures, Occupational

Exposures, and Costs for Regional Incineration 


Impact Measures 


Population exposures:

(man-mrem) 


Occupational exposures:

(man-mrem) 


costs: ($) 

Northeast Southeast Midwest Southwest 


4.19E+4 2.95E+4 3.70E+4 2.71E+4 


3.67E+4 1.34E+4 2.08E+4 1.77E+4 


1.39�+8 5.41E+7 8.22E+7 6.88E+7 


As expected, the largest occupational exposures for waste disposal are those 
estimated for the northeast site. This is due to the assumed additional 
operational practices carried out at the northeast site. 

Operational accidents are listed for the two potential scenarios considered in 
this EIS--a waste container accidentally dropped from a height and an accidental 
fire in a disposal cell. Impacts are calculated in an extremely conservative 
manner and are to an individual potentially standing approximately 100 m 
immediately downwind o f  the accident. In addition, impacts are averaged over 
all waste streams delivered to the disposal facility. 

10.3.3.3 costs 


Costs, including waste processing, transport, and disposal costs are listed in 

Table 10.9. Similarly to occupational exposures, costs due to processing the 

waste by the waste generator are presented as additional costs to those associ­

ated with waste spectrum 1. For the modified spectrum 1 case, these additional 

costs involve stabilizing high activity waste streams at an estimated cost o f  
$450 per m3 of waste so stabilized, which is the approximate cost of placing
the waste streams into high-integrity containers. It is expected that some of 
the waste streams may be stabilized by less expensive means; however, using
the high integrity container costs provides an upper bound. For waste spectrum 2, 
stability of many of the waste streams--particularly LWR process waste streams--

is provided through solidification. Costs for stabilization of other waste 

streams is again represented by estimated costs for high integrity containers. 

Finally, in waste spectrum 2, additional costs are incurred through compaction

of compressible waste streams, both by waste generators and at a regional 

center. 


O f  these costs, the only additional waste processing costs that would be 
incurred through implementation of the Part 61 regulation would be through
stabilization of the higher activity streams. For waste spectrum 2, these are 
conservatively estimated as follows: 
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~ ~~ 

Waste Spectrum 2 Northeast Southeast Midwest Southwest 

$(x108) 2.82 3.58 2.70 1.64 
$/m3 1363 1310 1390 1158 

Thus, the requirement that higher activity wastes be stabilized would appear 

to involve additional processing costs in the following range. 


Northeast Southeast Midwest Southwest 

~ ~ 

LOW ($x107) 7.3 9.9  6.6 5.2 
High ($x107) 28.2 35.8 27.0 16.4 

This range is believed to be conservatively high, however. In addition, much 

of the above costs would be expended in any case to comply with license condi­

tions already implemented by the states at existing disposal facilities. 


Waste transportation costs range from about $130 to $240 million, depending 
upon the waste spectra and the region considered. The largest costs are for 
the southwest region, for which the reduced volume of waste relative to the 
other three regions is counterbalanced by the longer transportation distances. 
The effects of the Part 6 1  regulation on transportation costs is expected to 
be low. Use of high-integrity containers to stabilize higher activity waste 
streams would result in little or no increased waste volume and would there­
fore not increase transportation costs. On the other hand, use of solidifi­
cation to stabilize higher activity waste streams such as ion exchange resins 
would tend to increase waste volumes and thus increase transportation cost. 
However, if solidification is coupled with volume reduction of compressible 
waste streams through compaction (which improves disposal facility stability),
then, as shown for waste spectrum 2, overall transportation costs could be 
reduced. 

Waste disposal costs are set out into design and operational costs and post-
operational costs, where postoperational costs include costs to waste customers 
(over 20 years of operation) for providing for: (1) facility closure, (2) a 
5-year observation and maintenance period, and (3) 100 years of institutional 
control. Also shown are total disposal costs as well as unit ($/m3) costs. 

As shown, the most significant design and operational costs are for the northeast 
site, due to the assumed use of grouting to assure stabilization of wastes. 
The design and operational costs for the other three sites are clustered 
within a relatively small range. In addition it may be observed that reducing 
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the waste volumes delivered to the site also lowers the design and operational 
costs, although not proportionately. Due to the use of the grouting at the 
northeast site, a low level o f  postoperational costs are projected for this 
site. The southwest site is also projected to experience a low level of 
postoperational costs, due to the semiarid nature of the site. A low to 
moderate range in postoperational costs, however, is projected for the southeast 
and midwest sites. A low level of postoperational costs is projected for 
waste spectrum 2 due to the assumed extensive compaction of compressible waste 

streams. Since this extensive compaction is not carried out for modified 

waste spectrum 1,a somewhat higher potential for maintenance is assumed and a 

moderate level of postoperational costs is conservatively projected. 


Unit costs are seen to vary widely depending upon the assumed design and 
operating practices carried out at the particular disposal facility as well as 
the volumes of waste delivered to the facility. For example, the design and 
operation of the southeast site is essentially the same as the midwest facility.
However, the volume of waste delivered to the midwest facility is much less 
than the southeast facility, while the design and operational costs are only
slightly less. This is because capital costs t o  construct the disposal facility 
are much less dependent upon the volumes of waste delivered to the facility
than the operating costs. Many of  the same expenses to design, build, and 
operate the facility would be incurred whether a high or a low volume o f  waste 
was received. 

10.3.3.4 Other Impacts 


This section discusses indirect impacts associated with the proposed Part 61 

regulation other than radiological impacts or costs. The impacts are broken 

down into the following subsections: Air quality (nonradiological), biota 

(ecology), land use, energy use, and social impacts. 


Air Qual ity 


Nonradiological impacts to air quality due to LLW management and disposal
would principally arise from two sources: combustion of fossil fuels during
processing, transporting, and disposing of waste and (2) particulate matter 
(dust) released into the air due to earth moving activities at the disposal
facility. Typical combustion products would include suspended particulates,
sulphur dioxide, CO,, CO, various hydrocarbons, and various nitrogen oxides. 

It i s  believed that implementation of  the Part 61 regulation would have a 
relatively slight effect upon overall air quality. For example, increased 
waste processing such as compaction and solidification would probably result 
in increased combustion of fossil fuels, with correspondingly increased release 

of combustion products into the air. However, many waste generators are 

already performing such waste processing activities to reduce transportation 

costs or to comply with existing license conditions at disposal facilities. 

Moreover, waste processing activities that reduce waste volumes would tend to 

reduce releases of fossil fuel combustion products during transportation. 
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A t  t h e  d isposal  f a c i l i t y ,  l o c a l  impacts t o  a i r  q u a l i t y  r e s u l t  from combustion 
o f  f o s s i l  f u e l s  by veh ic les  d e l i v e r i n g  waste t o  t h e  f a c i l i t y ,  by veh ic les  
owned by f a c i l i t y  personnel ,  and by heavy equipment operated a t  t h e  f a c i l i t y .  
Dust c o u l d  be r a i s e d  by excavat ing,  b a c k f i l l i n g ,  and grading a c t i v i t i e s .  
However, combustion o f  f o s s i l  f u e l s  and earth-moving a c t i v i t i e s  are n o t  unique 
t o  t h e  f a c t  t h a t  i t  i s  a d isposal  f a c i l i t y .  S i m i l a r  types o f  impacts can and 
would be r a i s e d  by many o the r  types o f  small  i n d u s t r i a l  concerns. 

Since t h e  P a r t  6 1  r e g u l a t i o n  emphasizes increased d isposal  f a c i l i t y  s t a b i l i t y ,  
somewhat a d d i t i o n a l  a i r  q u a l i t y  impacts cou ld  r e s u l t  d u r i n g  t h e  opera t i ng  l i f e  
o f  t h e  d isposal  f a c i l i t y .  That i s ,  a d d i t i o n a l  personnel may be needed as w e l l  
as a d d i t i o n a l  equipment t o  segregate waste, c a r r y  o u t  improved compaction 
techniques, i n s t a l l  improved d isposal  c e l l  covers, and so f o r t h .  However, 
such a d d i t i o n a l  impacts would be f e l t  on l y  d u r i n g  t h e  t ime t h e  f a c i l i t y  was 
operat ing.  I n  a d d i t i o n ,  i f  t h e  f a c i l i t y  was l e f t  i n  an unstable c o n d i t i o n  
a f t e r  operat ion,  increased longer- term a i r  q u a l i t y  impacts c o u l d  r e s u l t  due t o  
ope ra t i ng  machinery t o  r e p a i r  holes i n  d isposal  c e l l  covers, p o t e n t i a l  opera­
t i o n  o f  a leachate evaporator,  and so f o r t h .  P lac ing  t h e  f a c i l i t y  i n  a more 
s t a b l e  c o n d i t i o n  d u r i n g  s i t e  operat ions reduces t h e  maintenance t h a t  would be 
r e q u i r e d  a f t e r  c losu re  and d u r i n g  the  i n s t i t u t i o n a l  c o n t r o l  per iod.  Since 
1ess mai ntenance woul d be requi red,  lower 1onger t e r m  nonradio l  og i  c a l  a i  r 
qual it y  impacts would r e s u l t .  

B i o t a  

The opera t i on  of  a disposa? f a c i l i t y  would i n v o l v e  a c q u i r i n g  and fenc ing  i n  up 
t o  a few hundred acres o f  land. E x i s t i n g  vege ta t i on  would be most ly  c leared, 
and a f t e r  waste d isposal ,  t he  d isposal  c e l l s  would be regraded, recontoured, 
and probably  reseeded w i t h  sho r t - roo ted  l o c a l  vegetat ion.  Dur ing t h i s  process, 
impacts t o  b i o t a  cou ld  r e s u l t  from d e s t r u c t i o n  o f  h a b i t a t .  Such impacts would 
again n o t  be caused by t h e  f a c t  t h a t  t he  f a c i l i t y  i s  used f o r  waste d i sposa l ,  
b u t  a r i s e  from t h e  d e c i s i o n  t o  change t h e  l a n d  from one use t o  another. 
S i m i l a r  types o f  impacts would r e s u l t  from o t h e r  uses o f  t h e  l a n d  which i n v o l v e  
heavy cons t ruc t i on .  These c o u l d  i nc lude ,  f o r  example, c l e a r i n g  t h e  l a n d  f o r  a 
small  i n d u s t r i a l  concern, a school, a farm, and so f o r t h .  

Implementat ion o f  t h e  P a r t  6 1  r u l e  i s  expected’ t o  have l i t t l e  e f f e c t  on t h e  
p o t e n t i a l  f o r  impacts t o  b i o t a .  There are a l ready  e x i s t i n g  fede ra l  and s t a t e  
laws and r e g u l a t i o n s  governing p r o t e c t i o n  o f  endangered o r  unique f l o r a  and 
fauna. These r e g u l a t i o n s  and laws would be considered d u r i n g  l i c e n s i n g  o f  a 
d isposal  f a c i l i t y  whether o r  n o t  t h e  P a r t  6 1  r e g u l a t i o n  i s  implemented. To 
t h e  e x t e n t  t h a t  t h e  P a r t  6 1  r e g u l a t i o n  makes t h e  requirement o f  cons ide r ing  
endangered o r  unique f l o r a  and fauna more e x p l i c i t  d u r i n g  l i c e n s i n g ,  however, 
o v e r a l l  impacts t o  b i o t a  c o u l d  p o t e n t i a l l y  be reduced. 

Land Use 

I n  most cases, t he  opera t i on  o f  a l i c e n s e d  nuc lea r  f a c i l i t y  by a l i censee  does 
n o t  r e s u l t  i n  t h e  l a n d  being permanently committed t o  t h a t  a c t i v i t y .  That i s ,  
a t  t he  end of opera t i on  o f  t h e  f a c i l i t y  i t  may be decontaminated, i f  necessary, 
and used f o r  another purpose. A t  an LLW disposal  f a c i l i t y ,  however, p o s s i b l e  
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f u t u r e  use o f  t h e  f a c i l i t y  a f t e r  i t  has c losed i s  g r e a t l y  i n f l uenced  and 
somewhat c i rcumscr ibed by t h e  presence o f  t he  disposed waste. Th is  does n o t  
mean t h a t  l a n d  used f o r  LLW disposal  i s  permanently excluded from p roduc t i ve  
use. Rather, as l ong  as care was taken t o  r e s t r i c t  a c t i v i t i e s  t o  those which 
would n o t  i n v o l v e  excavat ing i n t o  t h e  disposed waste o r  b r i n g i n g  contaminat ion 
t o  t h e  surface, t h e r e  may be a number o f  use fu l  purposes t h e  f a c i l i t y  sur face 
may be p u t  t o .  These cou ld  p o s s i b l y  i nc lude  use o f  t h e  f a c i l i t y  f o r  graz ing,  
g o l f  courses, r e c r e a t i o n a l  areas, o r  l i g h t  i n d u s t r y .  

Notwi thstanding t h i s ,  however, i t  i s  use fu l  t o  consider  t h e  amount o f  l and  
t h a t  would be committed t o  LLW disposal  over the  next  20 years. It i s  d i f f i c u l t  
t o  assess t h e  i n f l u e n c e  o f  t h e  P a r t  6 1  r e g u l a t i o n  on t h i s  l a n d  use. Depending 
upon t h e  design and opera t i on  of t h e  d isposal  f a c i l i t y  and t h e  manner i n  which 
h ighe r  a c t i v i t y  wastes a re  s t a b i l i z e d ,  
h ighe r  than w i t h o u t  t he  r e g u l a t i o n .  A 
however, us ing  t h e  reg iona l  a n a l y s i s  as 
reg ions i s  shown below f o r  t h e  2 waste 

l a n d  use cou ld  be lower o r  p o t e n t i a l l y  
range i n  l a n d  use may be estimated, 
a guide. Land use f o r  each o f  t h e  

spect ra considered i n  t h e  ana lys i s .  

m2 x i o 5  
(acres) 

Northeast Southeast Midwest Southwest 

M o d i f i e d  Waste Spectrum 1 2.30 3.72 2.62 ' 2.52 
(56.8) (91.9) (64.7) (62.3) 

Waste Spectrum 2 1.59 2.61 1.84 1 .71  
(39.3) (64.5) (45.5) (42.3) 

As shown, l a n d  use ranges from about 160,000 m2 t o  370,000 m2 a t  t h e  reg iona l  
s i t e s ,  depending upon t h e  volume o f  waste disposed and the  d isposal  technology 
implemented. For mod i f i ed  spectrum 1, the  t o t a l  amount o f  l a n d  committed t o  
LLW disposal  over 20 years i s  est imated t o  be 1.1m i l l i o n  m2, o r  about 276 acres 
For waste spectrum 2, f o r  which increased use i s  made o f  volume reduct ion,  
t h i s  l a n d  use i s  reduced t o  775,000 m2 o r  192 acres. This  inc ludes an assumed 
3-meter spacing between d isposal  c e l l s  b u t  does n o t  i nc lude  o the r  l a n d  such as 
a d m i n i s t r a t i v e  areas, b u f f e r  zones, o n s i t e  roads, and so f o r t h .  

Energy Use 

One way i n  which t h e  e f f e c t s  of a proposed a c t i o n  can be q u a n t i f i e d  i s  t o  
est imate t h e  t o t a l  energy requirements associated w i t h  t h a t  ac t i on .  I n  terms 
o f  LLW management and d i sposa l ,  t h i s  would be a d i f f i c u l t  p r o j e c t  g iven t h e  
l a r g e  number o f  waste generators,  t h e  many d i f f e r e n t  types and forms o f  LLW, 
and t h e  many p o s s i b l e  process ing techniques t h a t  cou ld  be used. As a s i m p l i ­
f i c a t i o n ,  then, an e f f o r t  has been made t o  est imate t h e  increase i n  energy use 
due t o  t h e  promulgat ion o f  t h e  P a r t  6 1  r u l e .  Th is  i s  s t i l l  r e a l i z e d  as a 
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d i f f i c u l t  task given the recent increase in the level of waste processing 
a c t i v i t i e s  carr ied o u t  by waste generators. In addi t ion,  there  may be a 
~~~~~~ of ways in which the Part  6 1  requirements may be met and there  are  
~ ~ ~ ~ ~ d ~ r a b l e  regarding the energy use associated with variousuncertaint ies  
technologies, e t c .  

In any case,  bounding estimates can be made using the regional analysis as a 
guide.  The estimated increase in energy use due t o  the Part  61 regulation i s  
listed below in gallons of equivalent fuel f o r  each region fo r  b o t h  waste 
spectra considered: 

(gal x io5) 

Northeast Southeast Midwest Southwest 

odl’fied Waste Spectrum 1 +0.6 -2.7 -2.6 -1.86 

Waste Spectrum 2 +83.1 +89.7 +64.7 +21.3 

s S ~ C I W ~ ,incremental energy use ranges from -270,000 gal t o  +8,970,000 gal.  
be real ized t h a t  there  a re  large uncertaint ies  in these calculat ions.  

he projected increase in energy use i s  due t o  a c t i v i t i e s  such as 
jncreased disposal s t a b i l i t y  or increased waste processing which by and large 

already being carr ied o u t .  In general ,  the overall tendency o f  the Part 61  
ulation would be t o  increase short-term energy use b u t  reduce long-term 

energy use. 

cia1 impacts due t o  promulgation of  the Part  6 1  regulation are  
ddress. These impacts are  very s i t e - spec i f i c  and would include 

such aspects as the e f f e c t  o f  bringing a labor force in to  an area on local 
? l i l i e s ,  schools, and other services.  These types o f  impacts are  typ ica l ly

sf m o s t  concern during the s i t i n g ,  construction, and operation o f  large f a c i l ­
i t i e s  such as a large nuclear power plant .  A low-level waste disposal f a c i l i t y  
i s  by comparison a very small operation, and the proposed Part  61  regulation 
.Is n o t  expected t o  r e su l t  in any s ign i f i can t  incremental changes in social  impacts 
associated with operati  on of LLW di sposal faci  1it i  es.  
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